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ABSTRACT 
 
South Africa is water scarce country with maximum rainfall received in the summer 
season which lasts for only three months (November, December and January); hence 
the water resources have to be protected. The municipal wastewater effluents are 
considered one of the environmental threats that impact the water quality of the streams. 
This study was conducted to assess the environmental impact that the wastewater 
effluent has on the Klip River system, the performance of the plant and also to assess 
the spatial and temporal variations of water quality along the Klip River system.  
 
The study focused mainly on historical data over a five period (2009 – 2013) years 
secondary data which was analysed by Johannesburg Water Ltd (Pty) and primary data 
were also collected and analysed using the standard methods of laboratory analysis. The 
standard methods used include Ion selective electrode, gravimetric techniques, 
iodemetric titration, membrane filtration method; colorimetric method, automated flow 
injection method and inductively coupled plasma atomic emission spectrometry (ICP – 
AES). The aim of collecting the primary data during the dry and wet seasons was to 
verify the secondary data. The data set was further analysed using multivariate 
techniques such as principal component analysis (PCA), factor analysis (FA) and 
discriminant analysis (DA) to determine the spatial and temporal variation of water 
quality.  The data set using ten water quality parameters (ammonia, sulphates, Chlorine, 
Chemical Oxygen Demand, conductivity, Escherichia coli, sodium, nitrates, pH and 
suspended solids) was grouped into four sampling points (influent, effluent, 
downstream and upstream points) and four seasons.   
 
Discriminant analysis of water quality showed that out of ten water quality parameters 
analysed, only sulphates was a less significant parameter to discriminate between the 
sampling points. For the temporal variations, eight water quality parameters 
(ammonium, Chlorine, Conductivity, sodium, nitrates, pH, sulphates and suspended 
solids are the most significant parameters to discriminate between the four seasons. 
PCA/FA results highlighted similarities in terms of water quality loading between 
summer and winter seasons and between the winter and autumn seasons. Summer and 
  
 xv 
 
winter seasons had strong positive loading in COD, ammonium, suspended solids and 
E. coli whereas the autumn and spring seasons had strong positive loading in sodium, 
chlorine and pH. 
 
The study further highlighted that the Olifantsvlei Wastewater Treatment Works 
(WWTW) is effectively treating the wastewater up to the required standards before 
discharging them into the Klip River system. This study concludes that the Olifantsvlei 
WWTW does not contribute significant loads of pollutants into the Klip river system. 
  
Key terms: Municipal wastewater, water quality, spatial and temporal variations, 
principal component and factor analysis, discriminant analysis 
  
 1 
 
CHAPTER 1: INTRODUCTION 
 
1.1 BACKGROUND INFROMATION 
  
Water scarcity is a major problem in South Africa. This country receives an average 
annual rainfall of less than 500 mm which is half of the global average annual rainfall 
(M’Marete, 2003). According to M’Marete (2003), Schulze and Lynch (2006), and 
Schulze (2006), the rainfall pattern in South Africa is seasonal and its evaporation and 
sunshine allows only 9% back to the ocean as compared to 35% worldwide. High 
evaporation rate implies that the water levels of the water bodies would drop which 
could affect the quality of surface water due to salts concentration through evaporation 
as the salts remains in the water bodies (i.e. rivers and dams). According to Stats SA 
(2010), Gauteng Province being the smallest province out of the nine provinces is 
occupied by 22.4% of the total population of South Africa. The huge percentage put the 
province’s water resources under stress due huge human activities such as agriculture, 
industry, and mining which produce wastes that have great negative impacts on the 
environment generally and on water quality in particular. Based on the study by Naidoo 
and Olairan (2014), the increase in population and human activities suggest that the 
pollution of the surrounding areas and consequent deterioration of public health also 
escalate.  
 
The shortage of potable water is an environmental concern all over the world (Ghisi et 
al., 2006). According to Fatoki et al., (2012) and Abbaspour (2011) the main sources of 
water contaminants in the developing countries are industrial wastes (chemical, organic 
and thermal wastes), municipal wastes (largely sewage containing human wastes, 
organic wastes and detergents) and agricultural wastes (animal waste, pesticides and 
fertilizers). Fatta et al., (2005) asserts that the world is faced with the problems related 
to management of wastewater. The improperly treated wastewater effluents contains 
large amount of organic matter and nutrients which have detrimental impact on the 
receiving environment (Naidoo and Olairan, 2014). This problem could deteriorate the 
receiving environment through the excessive amount or poor quality of wastewater 
effluents.  
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Most of the water sources are subjected to frequent drastic changes in microbial and 
chemical qualities as a result of the variety of the activities on the watershed. As a 
result, regulatory measures should be enforced for wastewater effluents discharge to 
protect the receiving environment.  
 
1.2 STATEMENT OF RESEARCH PROBLEM  
 
In 2012, a total number of 212 and 153 of wastewater treatment plants in South Africa 
were at high and critical threats of Cumulative Risk Rating (CRR), respectively (DWA, 
2012). This implies that these wastewater treatment plants are not adequately treating 
their effluents. The inadequately treated effluents are discharged into the local water 
systems, which affects the downstream ecosystem and rural communities and also 
degrading the environment. This also highlights that if the Wastewater Treatment 
Works (WWTWs) are not improved, South Africa could in time harm its water 
resources due to loads of pollutants that are discharged to the water bodies from these 
WWTWs as the fresh water is already in short supply.  
 
Environmental pollution has become the global concern and attracts a lot of attention. 
The interaction between the environment and human beings can negatively impact the 
environment and the natural resources, due to demand of economical, industrial and 
agricultural development. As the demand of water resource is growing as the economy 
expands and the population increases, wastewater and sewage treatment works 
increasingly operated under stress. The study by Manungufala et al. (2011) on the 
evaluation of the performance of rural wastewater treatment plant concluded that 
increasing population increases pressure on the wastewater treatment works, forcing 
them to treat more than what they are designed for. This could result in the overflow of 
untreated wastewater to the river system due to equipment failure to handle the 
increased loads at the treatment works. The studies conducted by Odjadjare et al. (2010) 
and Dungeni and Momba (2010) concluded that majority of municipal wastewater 
treatment works in South Africa are ineffective in removing pathogens and other 
contaminants. This could pose a threat to the receiving environment as well as the 
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public health of the people who depend on the river system for their consumption as the 
effluents are discharged into water bodies. Figure 1 illustrates the magnitude of the 
effluent discharged into the Klip River system. 
Figure 1: Discharge point of the effluent from Olifantsvlei sewage treatment plant 
ponds into the Klip River (Vermaak, 2009). 
 
The municipal treatment works discharge large volumes of effluent into the river 
system which turn to change the quality of water in the river system. The wastewater 
effluent constitutes the major source of the natural water pollution load (Singh and 
Kaushal, 2013). The municipal wastewater contains the human and other organic waste, 
nutrients, pathogens, microorganisms, suspended solids, and households and industrial 
chemicals not removed during the treatment process leading to the deterioration of 
water quality of the receiving environment (Bahlaoui et al., 1997). The discharge of 
wastewater poses a great burden in terms of wastewater management which will not 
only increase the treatment cost, but also introduce a wide range of chemical and 
microbial contaminants to the water. The contamination of the river system will also 
have health effects on the aquatic species and the downstream communities which uses 
the river water without prior treatment. 
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1.3 RESEARCH MOTIVATION 
 
Several studies (Arpor and Muchie, 2011; Odjadjare et al., 2010; Dungeni and Momba, 
2010; Englert et al., 2013a; Kanu and Achi, 2011; Mema, 2010) highlighted that the 
discharge of the effluents into the environment can result in disturbances in aquatic 
balances and water quality which might have an impact on the downstream users. This 
study will focus on the Olifantsvlei wastewater treatment works which discharges the 
effluents into the Klip River system. Apart from the effluent discharged by the 
Olifantsvlei WWTW into the Klip River, the river also receives inflow from the 
underground mine and urban run – off from the surrounding areas which also impact on 
the water quality. The Klip River is the tributary of the Vaal River barrage which is a 
critical water source for the country’s economic hub. A threat to this river system has a 
potential to limit the economic activities of Gauteng Province. The supply of fresh 
water in the province is threatened by microbial and chemical pollution as a result of 
untreated or partially treated wastewater effluents from municipal wastewater treatment 
works and mining industry.  
 
The Klip River system has been selected for this study for the reasons including the 
following: 
 Major activities (mining and wastewater effluents discharge), which have the 
potential for surface and ground water pollution (for this study pollutants from 
the mining activities is eliminated using the concentration of water from the 
upstream and influent points, any variances is considered to be introduced by the 
wastewater plant); and 
 There are settlements and emerging farmers within the region who use untreated 
surface and ground water for domestic purposes, drinking crop irrigation and 
livestock, respectively.   
 
According to DWA (2009) the above activities significantly affected the water level, 
flow regime and stream morphology of the Klip River, as well as its water quality 
negatively. 
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This study will enable the identification of potential environmental impacts the 
wastewater effluents might have on the receiving environment. Strategies for 
minimizing or avoiding the identified impacts will be suggested. These help in ensuring 
that the downstream community has access to safe water sources that can be used for 
domestic and agricultural purposes without posing treat to human life. 
 
1.4 RESEARCH OBJECTIVES 
 
1.4.1 Main objective 
 To assess the impacts of the effluent discharged from the Olifantsvlei WWTW 
on the Klip River system.  
 
1.4.2 Specific objectives 
 To evaluate the performance of the Olifantsvlei WWTW over a period of five 
years by assessing the selected physical and chemical constituents of its influent 
and effluent over this period; 
 To use chemometrics to evaluate five year data of the selected physical and 
chemical constituents of the influent and effluent from the Olifantsvlei WWTW 
to assess the performance trends; 
 To compare the physical and chemical properties of the Klip River water around 
the Olifantsvlei WWTW with DWA water quality standards; 
 To determine pollutant loads within the Klip River system by measuring the 
physical and chemical composition of wastewater  effluent; and  
 To propose mitigation measures to minimize the impact caused by untreated or 
inadequate wastewater treatment to the environment. 
 
1.5  RESEARCH QUESTIONS 
 
Following the objectives of the study, the following questions are drawn, 
 Has the water quality of the Klip River deteriorated with time due to the 
discharge of effluent from the Olifantsvlei WWTW? 
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 Does the water quality deteriorate or improve with distance along the river 
system from the discharge point? 
 
1.6  DESCRIPTION OF THE STUDY AREA 
 
The Klip River is located in the Gauteng Province of South Africa and drains water to 
the southern Witwatersrand region as indicated in Figure 2. The river flows towards 
south until it joins the Vaal River. According to the study done by Durgapersad (2005) 
and DWAF (1999), the river is seen as amongst the heavily polluted river systems in 
South Africa. This is due to different activities, namely gold mining at Durban 
Roodepoort Deep and East Rand Proprietary, agricultural activities, and industrial 
activities (Nampak and Everite), currently practiced along the Klip River system. The 
effluents from the Olifantsvlei WWTW are also discharged into this river which 
potentially contributes to an increase in contaminant loading in the river system. The 
effluents from the Olifantsvlei WWTW contribute to the continuous flow of the river 
making it perennial. Olifantsvlei WWTW is located on the Cavendish street extension 
close to the Nancefield industrial sites in the south of Johannesburg.
   7 
 
Figure 2: Location of the study area indicating the Olifantsvlei WWTW and the Klip River.
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1.6.1 Hydrology 
 
The Klip River system is a perennial river with an average flow rate of 111 × 10
6 
m
3 
per 
annum (Steward, 1996). The flow rate increases to 200 × 10
6
 m
3 
per annum due to the 
effluents discharged from the Olifantsvlei WWTW to the system (Steward, 1996). An 
increase in the flow of water is a positive thing as it ensures that the river becomes 
perennial resulting in the river being able to dilute the water quality constituents. On the 
other hand an increase of flow due to the wastewater effluents depending on the 
treatment efficiency could deteriorate the water quality even further. 
 
1.6.2 Topography 
 
The study area is characterized by flat topography, except at the influent point as it is 
relatively steep as compared with the other points. The altitude of the study area ranged 
from approximately 1567m above mean sea level at the influent point to 1548m above 
mean sea level at the downstream point of the Klip River. Topography of flat areas is 
characterized by areas with high rate of infiltration with less runoffs, wherein steep 
topographical areas, have high runoffs with less infiltration. However, this depends on 
the availability or non-availability of the other recharge structures such as faults, 
fractures, interconnected pores, cracks, etc., in steep slopes.  Slow runoff results in 
water quality constituents settling and accumulating in the river system. However, in 
this catchment, this is not the same as the Olifantsvlei WWTW discharges the effluent 
into the river system resulting in an increase in runoff.   
 
1.6.3 Climatic conditions 
 
The study area has a typical climate with warm to hot conditions between October and 
March, and cold nights during winter. According to Kotze (2008), the average daily 
temperatures range from 15 °C to 27 °C in January (summer) to 5 °C to 17 °C in July 
(winter). Kotze (2008) reiterated that extreme climatic conditions can range between 
1°C and 38 °C in the summer months to –13 °C to 17 °C in the winter months. Rainfall 
is mainly seasonal and occurs mainly during the summer months with maximum falls 
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usually in December to January. According to Kotze (2008) the area receives an 
average annual rainfall of 650mm. The average potential annual gross evaporation 
ranges between 1800mm to 2400mm with the highest occurring between October and 
January (DWAF, 2004). The Klip River catchment is dominated mainly by the dry 
season with high evaporation rate which could results in more concentration of salts in 
the river system. High flow of water also could transport more suspended substances 
and nutrients into the river making it more turbid.  
 
1.7  LIMITATION OF THE STUDY 
 
Due to financial constraints for the collection and laboratory analyses of the water 
samples; the primary data were collected for only two seasons (wet and dry seasons. 
The study mainly focused on the secondary (historic) data available from the 
Johannesburg Water (Pty) Ltd. However, the primary data sampled and analysed were 
used to validate the secondary data to see if the WWTW was within the same range in – 
terms of treatment efficiency during the same seasons. These historic and primary data 
were used to assess contamination trends and loads within the river system over a 
period of time, which can be used to project future contaminant trends and loads. Heavy 
metals were not analysed due to financial constraints. The parameters analysed were 
selected based on the availability of secondary data to allow comparison. Only four 
parameters were used for assessment of the treatment efficiency wastewater treatment 
works (ammonia, chemical oxygen demand, phosphate and suspended solids) for five 
years and was done as a result that the Olifantsvlei WWTW was able to monitor those 
four parameters at the influent points. These four parameters were used based on the 
continuity of data at the influent and effluent points for the entire study period.  
 
1.8 DISSERTATION LAYOUT 
 
Chapter 1  
This chapter summarizes the background information to the research, research problem, 
motivation, objectives of the study and finally it outlines the study area and limitation of 
the study. 
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Chapter 2  
It reviews the research relating to impacts associated with municipal wastewater has on 
the environment. Regulations relating to wastewater discharge and wastewater 
treatment processes are also discussed in this chapter. 
 
Chapter 3  
It describes the road map taken during the study period. The method and materials used 
and their limitations are discussed in depth in this chapter.  
 
Chapter 4  
This chapter focuses mainly of the study results and comparing them with previous 
within the same field of study. 
 
Chapter 5  
This chapter summarizes and concludes the research findings drawn from the study. 
Based on the conclusions from the study, recommendations for future research are made 
in this chapter.  
  
 11 
 
CHAPTER 2: LITERATURE REVIEW 
 
2.1 INTRODUCTION 
 
The chapter presents the views of other researchers on related studies. Further to 
outlining the importance of treatment processes effectively treating the effluent, the 
chapter also provides the impact of discharging partial or untreated wastewater into the 
water resources. 
 
2.2 THE STATE OF WATER RESOURCES IN SOUTH AFRICA  
 
Due to South Africa's unpredictable rainfall, high evaporation rates and low conversion 
of rainfall to runoff, South Africa is a water stressed country, where demand is fast 
approaching available supply. South Africa receives an average rainfall of about 450 
mm, which is well below the world average of about 860 mm per year (M’Marete, 
2003). According to Schulze and Lynch (2006) and Schulze (2006), the annual 
evaporation rates in South Africa exceed 2000 mm. M’Marete (2003); Schulze and 
Lynch (2006); Schulze (2006) further highlighted that the runoff generated through 
rainfall in the country is generally less than 50 mm per year, which represent a yield of 
9% against the world average of 35%. Rainfall in South Africa is seasonal and river 
flow is often low or non-existent in winter season (which covers the months of May, 
June and July). 
 
There has been a rapid population growth in South Africa leading to greater water 
demand and increased contamination of available water resources. This population 
growth is accompanied by huge human activities, such as agriculture, industry, and 
mining which have great negative impacts on the ecosystem generally and on water 
quality particularly. According to the National Water Act (NWA Act 36 of 1998), a 
portion of this runoff needs to remain in the river in order to maintain the natural 
environment along the watercourse (ecological reserves).   
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Environment Canada (2001) highlighted that water pollution is a growing problem in 
the world and can be attributed to municipal wastewater effluent, industrial effluents, 
acid mine drainage and salination from irrigation. Alcamo (2000), further illustrated 
that wastewater from the municipalities and industries contribute to pollution of surface 
and ground water. These pollution of water result in cost implication for treatment as 
sophisticated methods for treatment will be required. 
 
2.3 COMPOSITION OF THE MUNICIPAL WASTEWATER 
 
Wastewater refers to any water which has been negatively affected in quality by 
anthropogenic activities. These waste products can be liquids or solids and they can also 
be biological, chemical or radioactive. Wastewater comprises liquid waste discharged 
from domestic residences, commercial and industrial establishments, or agricultural 
areas and can contain a wide range of potential contaminants depending on the 
discharged amounts of substances (Naidoo and Olaniran, 2014; Henze, 2008).  
 
Wastewater treatment plants introduce a host of contaminants into the waterways 
primarily through discharge of fluid effluents comprising a mixture of processed “black 
water” (sewage) and “grey water” (all other domestic and industrial wastewater). Black 
water refers to wastewater from the toilets, which contains human waste and can be a 
public health risk if not treated well (Murat Hocaoglu et al., 2010). Urine in black water 
constitutes a huge amount of nitrogen, phosphorus and potassium in domestic 
wastewater (Friedler et al., 2013). Grey water refers to the wastewater from the kitchens 
and bathroom sinks, baths, showers, industries and laundry which are of a lesser health 
risk because it does not contain human waste (Friedler et al., 2013). According to 
Friedler et al. (2013), the kitchen sink and dishwasher contains food residues, oils and 
fats, detergents, drain cleaners and bleaching agents which contributes 40% – 60% of 
major contaminant loads a biological oxygen demand (BOD) and chemical oxygen 
demand (COD).     
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Municipal wastewater consists of a mixture of domestic wastewater, effluents from 
commercial and industrial establishments and urban run-off as indicated in Figure 3. 
The composition of a typical municipal wastewater contains grit, debris, suspended 
solids, nutrients (Nitrates and Phosphates) and organic chemicals as well as metals 
(Henze, 2008). The composition of the municipal wastewater varies significantly from 
one place to another (Henze, 2008). This is due to variations in the discharged amounts 
of substances. According to Kanu and Achi (2011), the level of pollutants in the river 
system results in an increases in biological oxygen demand (BOD), chemical oxygen 
demand (COD), total dissolved solids (TDS), total suspended solids (TSS), metals and 
faecal coliforms and hence make the water unsuitable for drinking, irrigation and 
aquatic life. 
Figure 3: Diagram depicting typical municipal wastewater components  
 
2.4 POTENTIAL IMPACTS OF WASTEWATER EFFLUENTS ON THE 
ENVIRONMENT 
 
The studies conducted by Odjadjare et al. (2010) as well as Dungeni and Momba (2010) 
highlighted that the wastewater treatment works that are ineffectively removing 
contaminants poses some impacts on the environment. Dickenson et al. (2011) also 
highlighted that the trace organic chemicals are released into the environment through 
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the discharges from the municipal WWTWs, industrial manufacturing process, leaky 
sewers, and sewer overflow. Dickenson et al. (2011) further highlighted that the 
occurrence levels of these trace organic chemicals in the water sources is influenced by 
their physicochemical properties and their fate on the environment after discharge.  
 
Wastewater has adverse impacts on the quality of water quality when discharged to the 
water course. In addition to having adverse health implications, wastewater 
contamination can also have ecological affects. These may include the degradation of 
ecosystems such as a decrease in important aquatic plants that help preserve the 
condition of waterways or biodiversity loss such as loss of aquatic life like fish and 
crustaceans that are an important part of both animal and human diet. 
 
2.4.1 Microbial pollution through municipal wastewater effluents 
 
The wastewater from the municipal system contains significant amount of pollutants in 
the form of pathogenic organisms, which leads to deterioration of water quality of the 
water sources they are discharged into (Akpor and Muchie, 2011; Englert et al., 2013b). 
According to Toze, (2006) and Akpor and Muchie (2011), pathogenic microorganisms 
are considered to pose the biggest threat to human health. These microbial pollutants 
enter the water sources through the release of partial treated sewage water or sewage 
leakages; leaching of poorly maintained septic tanks; and through run - offs (Isobe et 
al., 2004). Consumption of water polluted with these microbial contaminants results in 
the transmission of infectious diseases including cholera, typhoid, hepatitis and 
cryptosporidiosis (WHO, 1993). The study by Mema (2010) highlighted that the state of 
municipal wastewater and sewer treatment infrastructure in South Africa contributes to 
numerous water pollution problems such as diarrhoea and cholera outbreaks 
experienced in Delmas town, Mpumalanga Province in 2007. It is therefore required to 
monitor the effluents quality discharged into the water sources in order to maintain the 
ecosystem 
 
2.4.2  Physical and chemical pollution caused by wastewater effluents 
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The wastewater from the municipal system contains significant amount of contaminants 
in the form of nutrients, metal ions, and organic compounds such as pharmaceuticals. 
Water pollution resulting from physical and chemical compounds from wastewater has 
become an alarming concern in the developing countries (Lokhande et al., 2011). The 
study by Lokhande et al. (2011) in Mumbai in India revealed that untreated or alleged 
treated effluents have increased the levels of chemical variables up to 20 times the safe 
levels for surface water. These chemicals accumulate in plants or grasses that feed on 
that water through bioaccumulation; and to the human bodies through food chain when 
consuming the plants products and animals that eats the grasses (Magonono et al., 
2010). 
 
According to Arpor and Muchie (2011), and Osonde (2007) the common physical and 
chemical quality variables of concern in municipal wastewater include: aluminium, 
ammonia, chemical oxygen demand (COD), chlorine, conductivity, dissolved oxygen 
(DO), faecal coliforms, fluoride, iron, magnesium, manganese, nutrients (nitrate & 
phosphate), pH, sodium, sulphate and suspended solids. 
 
2.4.2.1 pH 
 
pH is defined as the measure of H+ ion activity and an indicator of hydrogen presence 
in the water (DWAF, 1996). pH measures the degree of acidity of water. The degree of 
acidity or alkalinity is determined by the relative amounts of acids and bases in the 
water. If both are present in equal proportion (as in pure water), the pH is neutral or 7. If 
there are more acids than bases, the water is acid (pH below 7). If bases predominate, 
the water is alkaline or basic (pH above 7). Water with pH of less than 4.8 or greater 
than 9 can be harmful to the aquatic environment. The pH is a useful indicator of 
chemical balances in water. High (greater than 9) or low (less than 5) pH will adversely 
affect the availability of certain chemicals or nutrients in the water to be used by the 
plants (Powell et al., 2008; Jensen, 2010). 
 
The fluctuation of pH of water affects the solubility of chemicals which could also 
distress the availability of toxic and nutritive chemicals to the aquatic organisms.  
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According to Mosley et al, (2004), most metals become more water soluble and more 
toxic with increase in acidity. pH has also an effect on the performance of the 
wastewater treatment plant. The study by Hodgson and Larmee (1998) reported that an 
increase in pH (above 10.7) of the final could also results in the reduction of the 
coliforms in the final effluent. The elevated pH also causes phosphates to precipitate the 
metal ions such as calcium, magnesium, and iron present in the wastewater causing a 
reduction in phosphorus concentrations (Powell et al., 2008).  
  
2.4.2.2 Biochemical Oxygen Demand (BOD) 
 
Biochemical Oxygen Demand (BOD) referred to the quantity of dissolved oxygen in 
the aquatic environment that is used to break down organic materials in a given water 
sample at certain temperature over a specific time (Chapman, 1996). It measures the 
amount of organic compounds in water and is used as a gauge of effectiveness of 
wastewater treatment plants. According to Suthar et al. (2010), the presence of BOD in 
water indicates the organic contaminants in the aquatic system which adversely 
impacting the water quality and biodiversity of the river system. The more organic 
materials discharged into the aquatic system, the more oxygen is required to break it 
down. Low aquatic oxygen levels (below 92% saturation) results in aquatic organisms 
to be more susceptible to diseases and hamper swimming abilities. 
 
According to Majed (2006) BOD of the wastewater effluent and influents increase in 
the winter months than in summer months due to the increase in water consumption in 
the summer season than the winter season. Majed (2006) further stated that while there 
is increase in BOD values in the winter seasons, the biological loads remain contains 
which leads to the dilution in the influent BOD.   
 
2.4.2.3 Total Dissolved Solids (TDS)  
 
Total dissolved solids (TDS) refers to the inorganic salts (primarily calcium, 
magnesium, potassium, sodium, bicarbonates, chlorides and sulphates) and small 
amounts of organic matter present in solution in water which originate from natural 
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sources, sewage, urban and agricultural run-off, and industrial wastewater (Elamassi, 
2009).  Majed (2006) highlighted that TDS of wastewater increases when passing 
through the treatment process due to evaporation.  
 
According to Nadia (2006) as well as Igbinosa and Okoh (2009), the discharge of 
wastewater effluents with a high TDS level (above 470 mg/l) would have adverse 
impact on the aquatic life, rendering the receiving water unfit for drinking and domestic 
purposes, as well as reducing crop yield.  
 
2.4.2.4 Total Suspended Solids (TSS) 
 
Total suspended solids (TSS) refer to all particles suspended in water which will not 
pass through a filter. Suspended solids are present in sanitary wastewater and many 
types of industrial wastewater (CCME, 2008). High concentration of TSS impacts the 
aquatic environment by clouding (turbid) and increasing the temperature of the water 
body (Wilson, 2010). Wilson (2010) reiterated that as the levels of TSS increase, the 
water body begins to lose its ability to support the diversity of aquatic life. 
 
2.4.2.5 Nutrients   
 
Wastewater may contain high levels of the nutrients nitrogen and phosphorus. The 
fractionation of nitrogen and phosphorus in wastewater has an influence on the 
treatment options for the wastewater. Nutrients (phosphates and nitrates) are normally 
soluble in water; they cannot be removed by settling, filtration, flotation or other 
methods of solid-liquid separation (Henze, 2008). Effluents containing high level of 
nutrients that is discharged into the rivers system may cause an aquatic condition called 
eutrophication (Elias, 2004; Nyenje et al., 2010). This can in turn encourage the 
overgrowth of weeds, algae and cyanobacteria (blue – green algae).  
 
2.4.2.5.1  Nitrates 
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Nitrates occur naturally in soil and water, but an excess level (more than 45 mg/l) of 
nitrates can be considered to be a contaminant to surface and ground water (Elias, 
2004). According to Elias (2004), the most causes of excess of nitrate in water are 
human activities. These sources can be traced to agricultural activities, human wastes 
and or, industrial pollution (Nyenje et al., 2010). Odjadjare and Okoh (2010) reiterated 
that the final wastewater effluents are the contributors of nitrate in the receiving 
environment.  This was observed as the concentration of nitrates at the discharge point 
being similar to the concentration at the downstream point. High levels of nitrate results 
in excessive nutrient enrichment in the water body leading to loss of diversity in the 
aquatic biota and overall ecosystem degradation through algal blooms, excessive plant 
growth, oxygen depletion and reduced sunlight penetration (Abbaspour, 2011; Egun, 
2010; Elias, 2004; Odjadjare and Okoh, 2010). 
 
2.4.2.5.2 Phosphates  
 
According to Mosley et al, (2004), phosphorus is never encountered in its pure form in 
the natural world, but only as phosphate. Phosphorous is one the key elements 
necessary for growth of plants and animals. Phosphorus in freshwater and marine 
systems exists in either a particulate phase or a dissolved phase. Particulate matter 
includes living and dead plankton, precipitates of phosphorus, phosphorus adsorbed to 
particulates, and amorphous phosphorus. The dissolved phase includes inorganic 
phosphorus (generally in the soluble orthophosphate form), organic phosphorus 
excreted by organisms, and macromolecular colloidal phosphorus.  
 
Phosphate does not have adverse health effects, however, if its level in water is greater 
than 1.0 mg/l may interfere with coagulation in water treatment plants, resulting in 
organic particles that harbor micro-organisms not completely removed before 
distribution (USEPA, 2007). Through the discharge of wastewater effluent into the 
water bodies, phosphorus ends up in the waters bodies where the effluents are 
discharged. Phosphorus is the limiting nutrient in the fresh water systems and any 
increase in it usually results in more aquatic vegetation which leads to eutrophic 
processes (Nyenje et al., 2010; Elias, 2004). 
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2.4.2.5.3  Eutrophication  
 
The excessive loading nutrients mainly nitrates and phosphates in the water bodies pose 
a threat to water quality and also results in eutrophication (Elias, 2004; Nyenje et al., 
2010). The wastewater treatment plant effluents contribute the nutrients into the water 
bodies and this accumulates to cause eutrophication at the later stage. Although 
eutrophication is a natural process, human activities accelerate it through a process 
referred to cultural eutrophication. Man-made sources of nutrients cover agricultural 
and urban run-off, settlements without sanitation facilities, raw sewage from 
overflowing man-holes and poorly treated effluent. Wastewater effluents containing 
high concentration of nutrients can lead to severely eutrophic conditions that also lead 
to the reduction of Submerged Aquatic Vegetation (SAV) (Egun, 2010). The growth of 
native plants is also hampered by excessive algal growth, which in turn determines the 
growth conditions for the next link in the chain and results in the growth of higher 
organisms (Min, 1999).  
 
Eutrophication process also has an adverse effect in reducing the capacity and the life 
span of the water bodies. It also elevate turbidity levels, reduces light transmittance and 
oxygen adsorption, which may lead to the reduction or loss of SAV, shellfish beds and 
the productive benthic habitats (Egun, 2010). According to Smith and Schindler (2009) 
eutrophication can influence the abundance of pathogens by modifying the abundance 
and distribution of the hosts and vector. Smith and Schindler (2009) further reiterated 
that eutrophication increases in host abundance increase the contact rate between the 
infected and uninfected individuals. Similarly, by increasing the abundance of the 
copepod vector of Vibrio cholerae, increases in nutrient loading can influence the 
probability of cholera epidemics in susceptible human populations (Smith and 
Schindler, 2009). According to DWA (2012b) the impacts of eutrophication in South 
African water systems include loss of recreation, increased cost of water treatment, 
clogging of drainage systems, noxious odours and taste.  
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2.4.2.6 Metals 
 
The availability of metals in wastewater effluents is influenced by the physical and 
chemical conditions of the effluent and the receiving body (Gagnon et al., 2006).  
(Fatoki et al., 2002), reiterated that accumulation of metals in an aquatic environment 
has negative impact to man and the ecosystem. Most metals are removed from the 
liquid effluents through the treatment process and end up in the solids generated as a 
result of wastewater treatment. However, if the treatment is not efficient, some of it is 
not completely removed. The percentage removed also depends on the amount in the 
initial influent. Manugufala et al. (2011) also indicated that population growth has an 
impact on the removal of metals in wastewater treatment as the plant will be forced to 
treat more volume of influents than what is designed for.  
 
2.4.2.6.1  Aluminium 
 
Aluminium is the most abundant metallic element and constitutes about 8% of the 
Earth's crust (WHO, 2010). It occurs naturally in the environment as silicates, oxides, 
and hydroxides, combined with other elements, such as sodium and fluoride, and as 
complexes with organic matter. According to WHO (2010) the aluminium salts are 
widely used in water treatment as coagulants to reduce organic matter, colour, turbidity 
and microorganism levels which lead to an increase in aluminium concentration at the 
finished treated water. Disturbance of the deposits by change in flow rate may increase 
aluminium levels which lead to undesirable colour and turbidity (WHO, 1996). 
Concentrations of aluminium at which such problems may occur are highly dependent 
on a number of water quality parameters and operational factors at the water treatment 
plant. The presence of aluminium in water is of the major concern because of the 
potential threat to health of a number of species (Fatoki et al., 2002).  Aluminium is 
also released to the environment mainly by natural processes.  
 
2.4.2.6.2 Iron 
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Iron occurs naturally in water. However, additional iron in water can be through the 
water treatment methods as it is used as the coagulant methods of water treatment. Iron 
is particularly a problem to groundwater supplies, where the water passes through the 
iron bearing rock (Smith and Tuovinen, 1985). The released of iron on the environment 
is also caused by human activities, manly from burning coal, acid mine drainage, 
mineral processing, and sewage (Welling, 2009; Durgapersad, 2005). Excess 
concentration of iron in surface water bodies has effects on the aquatic species like fish. 
  
2.4.2.6.3 Sodium 
 
Sodium is a soft, silver- white, highly reactive metal. Sodium exists on earth in 
numerous minerals such as feldspars, sodalite and rock salt (Silberberg et al., 2006). 
Many salts of sodium are highly water-soluble, and their sodium has been leached by 
the action of water so that chloride and sodium (NaCl) are the most common dissolved 
elements by weight in the Earth's bodies of oceanic water (Silberberg et al., 2006).  
Sodium is required by human for nerve and muscle functioning (WHO, 2003b). Excess 
sodium can damage the kidneys and increases the chances of high blood pressure in 
human beings (Pimenta et al., 2009). 
 
2.4.2.6.4 Manganese 
 
Manganese is a very common compound that can be found everywhere on earth. 
According to WHO (2003c), manganese is the most abundant metal in the earth crust, 
usually occurring with iron. It is used as an oxidant for cleaning, bleaching and 
disinfection in manufacturing iron and steel alloys (WHO, 2003c). Manganese that 
derived from human sources can also enter surface water; groundwater and sewage 
water. This indicates that effluent from these kinds of manufacturing industries would 
contain high concentration of manganese.  
 
2.4.2.7 Non-metals  
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Non-metals are chemical elements that do not exhibit metallic properties and they are 
poor conductors of electricity and some of them fall under the hydrogen and carbon 
category. 
 
2.4.2.7.1 Ammonia 
 
Ammonia is a pungent colourless gaseous compound of nitrogen and hydrogen that is 
soluble in water and can also be condensed into a liquid by cold and pressure 
(Durgapersad, 2005). Most of the domestic wastewater contains ammonia and 
ammonium salts as are used as cleansing agents and as food additives at household 
level (WHO, 2003a). According to Durgapersad (2005) the presence of ammonia in 
surface water is usually due to domestic and agricultural wastes. On dissolution in 
water, ammonia forms the ammonium cation; hydroxyl ions are formed at the same 
time. The ammonium cation is less mobile in soil and water than ammonia and is 
involved in the biological processes of nitrogen fixation, mineralization, and 
nitrification (WHO, 2003a). Ammonia gas is toxic to fish and other aquatic organisms. 
If dissolved oxygen is present, ammonia can be broken down by nitrifying bacteria to 
form nitrites and nitrates (WHO, 2003a).  
  
2.4.2.7.2 Chlorine  
 
In nature it is only found combined with other elements chiefly sodium in the form of 
common salt (NaCl), but also in carnallite, and sylvite. Chlorine is a highly reactive gas. 
It is a naturally occurring element. Water and wastewater treatment plants use chlorine 
to disinfect water from microorganisms that can spread disease to human beings. 
 
According to USEPA (1994a), most direct releases of chlorine to the environment are to 
air and to surface water. Once chlorine is in water, it combines with inorganic material 
in water to form chlorine salts and with organic materials to form chlorinated organic 
chemicals (USEPA, 1994a). Chlorine dissolves when mixed in water.  
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2.4.2.7.3 Fluorine 
 
Fluorine is a common element which is widely distributed in the earth’s crust and it 
exist in the form of fluorides in a number of minerals, such as flouspar, cryolite and 
fluorapatite (WHO, 2003d).  Small quantities of fluorides are naturally present in water, 
with higher concentrations often associated with underground sources (WHO, 2003d).  
Too much fluoride, whether taken in from the soil and water, retards the growth of 
plants and reduces crop yields.  
 
2.4.2.7.4 Sulphate  
 
Sulphates occur naturally in numerous minerals like barite, epsomite and gypsum and 
these minerals contribute the mineral content when dissolved in water (WHO, 2004). 
Sulphates are commonly found in many natural waters and wastewaters, and are 
sometimes present in high concentrations due to its natural occurrence. The presence of 
sulphate in wastewater results in the sulphate – reducing bacteria being unable to couple 
the organic compounds (WHO, 2004). Excessive concentration of sulphates in drinking 
water could results in dehydration and cathartic effects to the human species (WHO, 
2004).  
 
2.4.3 The exposure and effects of pharmaceutical wastes on the environment 
 
The studies by Bartelt-Hunt et al. (2009), Escher et al. (2011), Larsson et al. (2007) and 
Ternes, (1998), highlight that pharmaceuticals are released to the environment through 
the municipal wastewater system. According to Bartelt-Hunt et al. (2009), Escher et al. 
(2011), Larsson et al. (2007) and Ternes, (1998), these pharmaceutical waste enter the 
municipal system in different ways which covers the human activities through 
excretion, bathing and disposal of unwanted medications to sewer system and wastes 
from pharmaceutical industries, residues and wastes from hospitals, use of illicit and 
veterinary drugs (especially antibiotics and steroids). 
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Pharmaceutical refers to a wide-ranging class of compounds with substantial variability 
in structures, function, behavior, and activity (Jones et al., 2005). Pharmaceutical active 
substances are part of the class of the emerging contaminants which has led to 
increasing concerns about potential environmental risks (Gupta et al., 2006; Moldovan 
et al., 2009). Moldovan et al. (2009) further illustrated that after excretion, substantial 
amounts of unchanged pharmaceutical and their metabolites are discharged into 
domestic wastewater. Jones et al. (2005) and Logan than et al. (2009) reiterated that 
pharmaceutical components passes through the sewage treatment plants and have the 
ability to contaminate the aquatic environment.  
 
Once the pharmaceutical waste enters the water bodies, they can be transformed via 
biodegradation and photo degradation or they can sorb onto the suspended particles of 
the water (Moldovan et al., 2009). According to Gupta et al. (2006) the discharge of 
pharmaceutical wastes into the water bodies poses a great risk as they contain ammonia 
and organic nitrogen. Gupta et al. (2006) reiterated that considerable amounts of the 
total Kjeldhal nitrogen (TKN) remains in the wastewater effluent even after undergoing 
a high level of conventional biological treatment. The nitrogen loads of the treated 
effluents may exceed the BOD loads which will generate oxygen demand, increase 
chlorine demand and formation of chloramines during chlorination which may be toxic 
to fish life and create other suspected health problems. 
 
2.5 IMPORTANCE OF MUNICIPAL WASTEWATER TREATMENT 
PROCESSES  
 
The importance of the wastewater treatment process using different influent treatment 
stages (i.e. pre – treatment, primary, secondary and tertiary) is to reduce or remove 
organic matter, solids, nutrients, disease-causing organisms and other pollutants from 
the influent wastewater before the effluent is discharged to a water body. The properly 
treated wastewater discharged into the water bodies would reduce the risks for the 
downstream communities who rely on river water for consumption without pre – 
treating it. Municipal wastewater treatment is the process of removing contaminants 
from wastewater and household sewage, both runoff and domestic. Municipal 
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wastewater treatment covers the physical, chemical, and biological processes of 
physical, chemical and biological contaminants removals.  
 
Majority of areas in Gauteng province rely on water from the Vaal Dam in which Klip 
River is tributary. The supply of fresh water in the province is threatened by microbial 
and chemical pollution as a result of untreated or partially treated wastewater effluents 
from municipal wastewater treatment works and mining industry. It is therefore 
necessary to treat wastewater to protect human and environmental health. 
 
According to Water and wastewater treatment (2008), wastewater treatment 
technologies and practices used in South Africa include: screening, de-gritting, 
oxidation ponds, primary settling, biological filters, activated sludge treatment, settling, 
maturation ponds (natural UV treatment), wetland polishing treatment, disinfection, 
sludge thickening, sludge drying beds, and anaerobic digestion. These technologies are 
targeting the removal of biological oxygen demand, total suspended solids, nutrients 
(phosphates and nitrates) and pathogenic bacteria before discharging effluents into the 
receiving environment (Brown et al., 2011). According to Manungufala et al. (2011), 
the wastewater treatment works that performs poorly have an impact on the water 
quality of the receiving stream (with metals, nutrients and disease carrying bacteria) as 
the effluents are discharged into it. A study by Van Niekerk (2000) from a sample of 31 
wastewater plants from Northern province (now Limpopo), Mpumalanga, Gauteng and 
Northwest provinces highlighted that COD, TSS, ammonia, and phosphate have been 
treated to the recommended effluent standards. Figure 4 highlights different degrees of 
wastewater treatment to increase or to better the treatment level which covers pre – 
treatment/preliminary, primary treatment and secondary treatment (DEA, 2014).  
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Figure 4: Schematic demonstration of different treatment processes in municipal 
wastewater treatment plants (DEA, 2014) 
 
2.5.1 Pre – treatment / preliminary 
 
The pre – treatment of sewage as shown in Figure 4, removes large solid materials 
delivered by sewer which can obstruct the flow through the treatment (Abdel-Raouf et 
al., 2012; USEPA, 2004).  At this stage large solids (i.e. those with a diameter of more 
than 2 cm) and grit (heavy solids) are removed by screening (DEA, 2014; Radojevic 
and Baškin, 1999). Pre – treatment is therefore essential to protect mechanical 
equipment and pumps from abrasion and to reduce blockages. According to Radojevic 
and Baškin (1999), pre – treatment of wastewater removes about 35% of BOD, 30% of 
COD, 60% of suspended solids (TSS) and only 10% - 20% of the total nitrogen and 
total phosphorus. These large particles are disposed of in landfills. Wastewater effluents 
at this stage could not be discharged into the river system as their standards do not meet 
the acceptable discharge standards. Therefore, further treatment is required before 
discharging the effluents to the water bodies.  
 
2.5.2 Primary treatment 
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Primary treatment consists of a combination of biological process that promotes 
biodegradation by microorganisms. This includes aerobic stabilization ponds, trickling 
filters and activated sludge processes, as well as anaerobic reactors and lagoons. At this 
stage grit (fine, hard solids), suspended solids and scum are removed in two stages 
which are pre – aeration and sedimentation. The water is left to stand so that the solids 
can sink to the bottom and, oil and grease can rise to the top (DEA, 2014). The 
suspended solids are scraped off the bottom and the foam (scum) of oil and grease is 
washed off with water jets. The scum and the solids are then collected and combined to 
form sludge and sent off for secondary treatment (Grady et al., 2011).   
 
2.5.3 Secondary treatment 
 
The next step after the primary treatment is the secondary treatment. At this stage, the 
liquid and solid wastes treat from the primary treatment stage are separated through 
settling and sludge is disposed of or treated (DEA, 2014). This process allows the 
separation of the solid and liquid phases in the wastewater by removing those settled 
organic solids as well as any floating materials such as fats, oil and grease. Naidoo and 
Olaniran (2014) and USEPA (1997), reiterated that at this stage about 90% organic 
nitrogen, organic phosphorus and heavy metals associated with solids are removed from 
the wastewater as they settle at the tank forming the sludge. 
 
2.5.4 Tertiary Treatment Processes 
 
Tertiary treatment is the next step after the secondary treatment, which aims at further 
removing of those wastewater constituents and pathogenic microorganisms such as 
faecal coliforms, streptococci, Salmonella sp. and enteric microbes that are not removed 
by previous treatments (USEPA, 1997; DEA, 2014). The sludge is largely converted to 
'biogas', a mixture of methane (CH4) and carbon dioxide (CO2), which is used to 
generate electricity for the plant (Luostarinen, et al., 2009). The liquid is treated by 
bacteria which break down the organic matter remaining in solution. It is then sent to 
oxidation ponds where heterotrophic bacteria continue the breakdown of the organics 
and solar UV light destroys the harmful bacteria (USEPA, 2004). 
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Disinfection (either in chlorine, ozone or ultraviolet radiation) is necessary for 
destroying pathogens in the treated wastewater before release to the environment 
(USEPA, 2004). However, chlorine is the most widely used disinfectant for municipal 
wastewater (USEPA, 1999; USEPA, 2004). Disinfection is the final step in the 
treatment process and it is essential that the water is adequately treated prior to this step 
in order to ensure that the disinfection step is effective (USEPA, 2004). 
 
2.6 IMPACT CONTROL AND REGULATIONS IN SOUTH AFRICA 
 
The environmental impacts due to municipal wastewater effluent disposal are controlled 
by various legislations. South Africa is not working in isolation although it has its own 
legislations. Non - compliance with these legislations could result in imprisonment or 
pay fines. The legislations for managing adverse impacts of municipal wastewater 
effluent disposal on the environment include the following: 
   
2.6.1 National Environmental Management Act 107 of 1998 (NEMA) 
 
NEMA Act no. 107 of 1998 emphasizes on the avoidance of the disturbance of the 
ecosystems and loss of biological diversity. This applies to wastewater disposal into the 
river system which could results in the change of water quality and death of aquatic 
species due to the concentration of those contaminants. The Act also emphasis that the 
quality of domestic wastewater discharges must be monitored once every month and 
that it adheres with the effluent standards before discharge. According to the schedule 3 
of the NEMA Act, any person who commits an offence relating to threatening species 
would be fined as much as three times the value of that species. This includes 
discharging partially treated effluents which would affect the aquatic species. 
 
2.6.2 National Water Act (NWA Act no 36 of 1998) 
 
The act gives the broad legal framework for the management, protection, use, 
development, conservation and control of the water resources. The requirements for the 
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act have to be implemented and its regulations for disposal of waste effluent and other 
activities are aimed at the protection and managing the water resources. It states that 
water extracted for industrial purposes shall be returned into the water source which it 
was extracted, in accordance to the standards sets by DWA. According to the National 
Water Act, the wastewater effluents discharged into the river systems in South Africa 
should be of acceptable limits (see Table 1 below) to avoid ecological problems within 
the river systems. Like with NEMA Act, section 151 (2) of the National Water Act no 
36 of 1998, state that anyone who commits an offence under this act is liable to a fine or 
imprisonment for up to five years and can be liable for the remediation costs.  
 
Table 1: DWA waste discharge standard values applicable to discharge wastewater into 
the water resource and guidelines for aquatic ecosystem (DWA aquatic ecosystem 
guidelines, volume 7).  
Variables and substances Existing SA 
general standards 
Existing SA future  
standards 
DWA aquatic 
ecosystem 
standards 
Chemical oxygen demand 
mg/l 
75  65 NA 
Ammonia (as N) mg/l 3  1 0.007 
Nitrate (as N) mg/l 15  15 0 – 6  
pH  Between 5.5 and 
9.5  
Between 5.5 and 
7.5 
6 – 9  
Chlorine (as Cl) mg/l 0.25  0.014 0.0002 
Suspended solids mg/l 25  18 NA 
Faecal coliforms per 100 ml 1000  1000 NA  
Sulphates mg/l NA NA NA 
Electrical conductivity 
mS/m 
NA NA NA 
Sodium mg/l NA NA NA 
Magnesium mg/l NA NA NA 
Manganese mg/l NA NA 0.18  
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Iron mg/l 0.3 0.3 NA 
* NA means the standard is not yet set 
 
2.7 ROLE OF MULTIVARIATE METHODS IN WATER QUALITY ANALYSIS 
 
Multivariate statistical techniques (such as cluster analysis, factor analysis, discriminant 
analysis and principal component analysis) have been widely used to facilitate the 
solution of environmental problems and suggest clues for the understanding of some 
natural processes (Singh et al., 2004; Shrestha and Kazama, 2007). The multivariate 
statistical techniques are the appropriate tools for a meaningful data reduction and 
interpretation of multi constituent chemical and physical measurements. They are used 
as unbiased methods for water quality data analysis to draw meaningful conclusions. 
The necessity and usefulness of multivariate statistical techniques is to evaluate and 
interpret large complex data sets with a view to get better information about the water 
quality (Shrestha et al., 2008). This technique also allows the identification of the 
possible sources that influence water systems and offers a valuable tool for reliable 
management of water resources as well as rapid solution for pollution problems. 
 
2.7.1 Principal Component Analysis 
 
Principle Component Analysis (PCA) is one of the most frequently used multivariate 
data analysis of large data set. PCA is a multivariate technique that uses orthogonal 
transformation to convert a set of observations of possibly correlated variables into a set 
of values of linearly uncorrelated variables called principal components (Mohammad, 
2011). In PCA, the number of principal components is less than or equal to the number 
of original variables. This transformation is defined in such a way that the first principal 
component has the largest possible variance (that is, accounts for as much of the 
variability in the data as possible), and each succeeding component in turn has the 
highest variance possible under the constraint that it be orthogonal to (i.e., uncorrelated 
with) the preceding components (Pripp, 2013). PCA is sensitive to the relative scaling 
of the original variables. 
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PCA starts by building the correlation matrix for data. Eigen values and eigen matrix 
will be provided through the diagonalizing the matrix. Since the variance explained by 
each eigen vector is proportional to its eigen value, and only those eigen vectors with 
eigen values greater than one (1) be selected as significant independent variables 
(components). Each component will be identified as sources of pollution by 
determining its most inter related parameters. 
 
2.7.2 Factor Analysis which include PCA 
 
Factor analysis as stipulated by Singh et al. (2004) is a powerful technique which gives 
information on the meaningful parameters which describe the whole dataset 
representing data reduction with limited loss of information. Factor analysis also 
quantify the significance of variables that explains the observed grouping and patterns 
of the inherit properties of the individual objects (Kowalkowski et al., 2006).   
 
2.7.3 Discriminant Analysis 
 
DA involves the derivation of linear combinations of the two or more independent 
variables that will discriminate between the previously established groups (Singh, 
2005). It operates on raw data and the technique constructs a discriminant function for 
each group. Furthermore, DA helps in grouping samples sharing common properties 
(Shrestha and Kazama 2007). In summary, discriminant analysis is based on the linear 
model of the familiar matrix notation form: 
 
Dt =λto + λt1X1 + λt2X2 + …. + λtpXp 
 
Where: 
D t = the predicted discriminant score for group t 
t = the number of groups differentiated by the t discriminant functions 
X = the measured values of the p independent variables used to predict group 
membership 
λt = λto + λt1 + λt2 + … + λtp 
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the vector of weights associated with the p variables that predict category t. 
 
2.8 RELEVANT PREVIOUS CASE STUDIES 
 
2.8.1 Case study on water quality 
 
Durgaspersad (2005) undertook a study to investigate the effects of wetlands on water 
quality and invertebrate biodiversity at the Klip River and Nataspruit River. 
Durgarspersad (2005) found that the water quality along the Klip River system was 
deteriorating due to the effluents entering the system from industries, WWTWS, 
informal settlements, urban and agricultural runoffs. The study done by Vermaak 
(2009) confirms that the state of the Klip River is dire due to the disappearance of 
wetland. Vermaak (2009) highlighted that the remaining wetlands along the Klip River 
are not functioning optimally to grow reeds which assist in purifying the sewage, 
industrial and mining effluents. If the wetlands within the Klip River collapse 
completely, the water quality will worsen along the Klip River, Vaal River and in the 
Vaal Barrage, which will impact negatively on the downstream users. 
 
Lokhande et al. (2011) did a study on the impact of pollution due to toxic heavy metals 
in the industrial wastewater effluents collected from Taloja industrial belt in Mumbai, 
India. From the study Lokhande et al. (2011) found that there was high concentration of 
toxic metals in the effluents that are discharged into the river system. Theses toxic 
metals, when released into the water bodies, will enter the food chain through the 
process called bio-magnification which will results in various health problems in 
animals including man when consuming such food and water (Lokhande et al., 2011). 
 
A study by Manungufala et al. (2011) on the evaluation of performance of rural 
wastewater treatment plants highlighted that population growth put pressure on the 
WWTWs as it forces them to treat more volume of wastewater than it was designed for. 
This sometimes results in an overflow of wastewater as the capacity of the treatment 
works is smaller. Manungufala et al. (2011) and Singh et al. (2004) further highlighted 
  
 33 
 
that the statistical techniques such as cluster analysis and principal component analysis 
are the better tools to evaluate the performance of the WWTW when the data is large.    
 
2.8.2 Case studies on multivariate statistical techniques in water quality analysis 
 
Vega et al., (1998); Singh et al., (2004); Shrestha and Kazama, (2007); Kazi et al., 
(2009) used multivariate statistical techniques to make inclusive assessment of surface 
water quality. The Vega et al., (1998); Singh et al., (2004); Shrestha and Kazama, 
(2007); Kazi et al., (2009) studies illustrated the usefulness of multivariate statistical 
techniques for the analysis and interpretation of complex data set and water quality 
assessment.  
 
In a study by Vega et al. (1998), 22 physico-chemical variables have been analysed in 
water samples collected every three months for two and a half years from three 
sampling stations to assess the seasonal and polluting effects on the quality of river 
water. PCA was used to identify the reduced number factors with a hydro chemical 
meaning: mineral contents, man-made pollution and water temperature and to obtain 
spatial and temporal variation in water quality of the river. Spatial and temporal sources 
of variation affecting quality and hydrochemistry of river water were differentiated and 
assigned to polluting sources. The rotated PCA demonstrated that (i) mineral contents 
are seasonal and climate dependent, thus pointing to a natural origin for this polluting 
form and (ii) pollution by organic matter and nutrients originates from man-made 
sources, such as municipal wastewater.  
 
A study by Shrestha and Kazama (2007) used multivariate statistical techniques, such as 
cluster analysis (CA), principal component analysis (PCA), factor analysis (FA) and 
discriminant analysis (DA) to evaluate temporal/spatial variations and to interpret a 
large complex water quality data set (1995–2002) of the Fuji river basin. Cluster 
analysis grouped the sampling points into three clusters based on their similarities in 
terms of water quality, i.e. high polluted site, medium polluted site and low polluted 
sites. The factor / principal analysis was applied to the three groups obtained from the 
cluster analysis resulting in three, five and five retained / latent factors explaining 
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65.39%, 77.61% and 73.18% of the total variance in water quality data set respectively. 
The varifactors obtained from factor analysis highlights that the parameters responsible 
for water quality variations are mainly associated with the discharge and temperature 
(natural), organic pollution (point source: domestic wastewater) in relatively low 
polluted sites; organic pollution (point source: domestic wastewater) and nutrients (non-
point sources: agriculture and orchard plantations) in medium polluted sites; and 
organic pollution and nutrients (point sources: domestic wastewater, wastewater 
treatment plants and industries) in highly polluted sites along the basin. Discriminant 
analysis reduced data to only six parameters (discharge, temperature, dissolved oxygen, 
biochemical oxygen demand, electrical conductivity and nitrate nitrogen), allowing 
more than 85% correct assignations in temporal analysis and seven parameters 
(discharge, temperature, biochemical oxygen demand, pH, electrical conductivity, 
nitrate nitrogen and ammonia nitrogen), affording more than 81% correct assignations 
in spatial analysis, of three different sampling sites along the basin.  
 
Singh et al. (2005) applied multivariate statistical techniques, such as cluster analysis 
(CA), factor analysis (FA), principal component analysis (PCA) and discriminant 
analysis (DA) to the data set on water quality of the Gomti River (India). CA obtained 
three significant groups of the sampling sites based on their similarities between them 
and the groups are the upper catchments (UC), middle catchments (MC) and lower 
catchments (LC). FA/PCA applied to the data sets pertaining to three catchments 
regions of the river lead to seven, seven and six latent factors, respectively responsible 
for the data structure, explaining 74.3%, 73.6% and 81.4% of the total variance of the 
respective data sets. These comprised of the trace metals group (leaching from soil and 
industrial waste disposal sites), organic pollution group (municipal and industrial 
effluents), nutrients group (agricultural runoff), alkalinity, hardness, EC and solids (soil 
leaching and runoff process).  
 
Kazi et al. (2009) applied multivariate statistical techniques such as cluster analysis 
(CA) and principal component analysis (PCA) to the data on water quality of Manchar 
Lake (Pakistan). The data were generated during 2005–06 from five different 
monitoring sites for 36 parameters. The study evaluated and interpreted a complex 
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water quality data set and assigned of sources of pollution to better understand the water 
quality and to design a monitoring network. Correlations observed from the PCA were 
used to classify the samples by CA established on the PCA scores. Three significant 
sampling sites (sites 1 and 2), (site 4) and (sites 3 and 5)—from the five monitoring 
sites were detected based on the similarities of their water quality. The study also 
revealed that the deterioration of water quality is caused by the inflow of effluents from 
the industrial, domestic, agricultural and saline seeps between the sites. 
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CHAPTER 3: RESEARCH DESIGNS AND METHODOLOGY 
 
3.1 INTRODUCTION 
 
The methods and material that were used in this study are discussed in depth in this 
chapter. These methods highlight on the current situation in the study area and also 
predicted what might happen in future if the current discharge patterns do not change. 
Standard ethical principles were followed in the process of data collection. Full 
explanation of this study was provided to participant (i.e. Johannesburg Water (Pty) 
Ltd). Johannesburg Water (Pty) Ltd was provided with ethical letter (Signed by both the 
student and the supervisors) which explained how their data will be used in this study. 
In order to achieve the objectives of the research which aimed to conduct a full 
assessment of the quality of Klip River system, multivariate techniques of water 
analysis were used. The steps below clearly indicate the processes and procedures 
followed to achieve the research objectives.  
 
3.2 DESKTOP STUDY 
 
Desktop study involved gathering literature from different sources locally and 
internationally. This also advises on which parameters are important to analyse when it 
comes wastewater effluents. It also provided the best methods that can be used to 
achieve the objectives of the study. 
 
3.3 DATA COLLECTION 
 
For this study both primary and secondary data were collected. The samples were 
collected from the same monitoring points that Johannesburg Water (Pty) sampled in 
order to verify the secondary data provided by the Johannesburg Water (Pty). The 
collected data were arranged into four (winter, summer, autumn and spring) seasons 
before analysis. The winter season covered the months of May, June and July; summer 
season covered November, December and January; autumn season covered February, 
March and April while the remaining months formed part of the spring season.  Table 2 
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and Figure 5 give the description and location of the sampling points. Effluent and 
downstream points are close to each other with an approximate distance of 100 m apart.  
 
Table 2: Description and approximate distance between the sampling points 
Location Description Approximate distance between the 
points 
Upstream 
point 
Reference point before wastewater 
effluent enters the river 
± 1.3 km between upstream and 
effluent points 
Influent 
point 
Raw wastewater entering the 
treatment plant. 
± 2.1 km between influent and 
effluent points 
Effluent 
point 
Treated wastewater from the plant 
at the discharge point (which in 
this case is the Klip river). 
± 100 m between effluent and 
downstream points 
Downstream 
point 
A point downstream the effluent 
point along the Kip river system. 
± 1.5 km between upstream and 
downstream points 
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Figure 5: Sampling points along the study area  
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3.3.1 Primary data 
 
The primary data were collected from the influent at the Olifantsvlei water works, 
effluent, upstream and downstream points of the Klip River system. The water samples 
were collected in duplicates for each point and stored in different light proof insulated 
cooler boxes prior to analysis. Samples for microbiological and chemical analysis were 
stored in separate cooler boxes.  
 
The samples for microbiological and chemical analysis were collected using a 500 ml 
and 1 litre of sterile plastic and polyethylene containers, respectively. They were 
transported to the laboratory within 2 hours of sampling. 
 
3.3.1.1 Physical measurements  
 
Temperature, pH, and electrical conductivity were measured in situ using the Hanna 
model HI9828 multi-parameter probe because the values of these variables changes 
quickly after sample collection. The instrument was calibrated for EC against a standard 
calibration solution (Hanna HI7031L at 141.3 mS/m), and for pH against each of a 4.01 
(Hanna HI7004), 7.00 (SAAR1561070KF) and a 10.0 (SAAR1461100KF) buffer 
solutions. The probes were calibrated in the field prior to sampling to provide reliable 
measurements. In addition all supporting information such as time and weather were 
recorded before leaving each sampling point. These observations were recorded so as to 
assist in interpretation of analytical results. 
 
3.3.2 Secondary data 
 
The secondary data consisted of water quality data as collected and analysed by 
Johannesburg Water (Pty) Ltd and this information was used to assess the impact of 
municipal wastewater effluents into the Klip River systems. Four sampling points 
(Influent, effluent, upstream and downstream points) were selected for this study. For 
each sampling point, the historic water quality data (2007 – 2013) were processed to 
determine the trends, seasonal variations and pollution loads for each water quality 
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parameters. The water quality parameters analysed by Johannesburg Water (Pty) in the 
above mentioned sampling station include aluminium, ammonia, COD, chlorine, 
conductivity, DO, faecal coliforms, fluoride, nitrate, pH, phosphate, sodium, sulphate 
and suspended solids. Sodium was the only heavy metals that the Johannesburg Water 
(Pty) Ltd was analysing on a regular basis and the other heavy metals were not 
monitored due financial constraints.  
 
3.4 LABORATORY / EXPERIMENTAL ANALYSIS FOR PRIMARY DATA 
 
During the laboratory analysis of the water samples, the standard and accredited 
methods for water quality analysis were followed. No sample preservation was done as 
all the samples were analysed immediately after sampling. Below are the specific 
methods for analysing each parameter: 
 
3.4.1 Gravimetric technique 
 
The total suspended solids (TSS) of the water samples were analysed using the 
gravimetric technique (Singh et al., 2005 and Kazi et al., 2009).  
 
 For TSS a filter paper was weighed and the mass was recorded. A sample 
volume of 100 ml was filtered through the filter paper. The filter paper was 
dried in the oven at a temperature of 105 ºC. The filter paper was weighed again 
and the difference between the two masses (before and after drying) was used to 
determine the amount of the total suspended solids present.  
 
3.4.2 Ion selective electrode 
 
The concentration of fluoride ion was determined using the ion selective electrode as 
per Kissa (1983). Before the analysis, three fluoride standard solutions of 200, 20 and 2 
µg/ml were prepared in a 50 ml volumetric flasks and the calibration check of the 
electrode was also done. 
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For determining unknown fluoride concentration, a 500 μg/mL fluoride standard was 
prepared by pipetting 5.000 ml of the 1000 μg/ml fluoride standard solution into a 10 
ml volumetric flask and was diluted to the mark using the TISAB. A volume of 50 ml 
of unknown fluoride concentration containing the TISAB similar to the concentration of 
the standard solution was pipetted into a 100 ml plastic beaker which was placed on a 
stirring plate. The solution was stirred with a magnetic stirring bar at a constant rate. 
The electrode was lowered into the unknown solution and the stable readings (in mV) 
were recorded. Another 1 ml of the 500 μg/ml standard solution was pipetted into the 
unknown solution and the stable readings were recorded. The fluoride present was 
calculated as follows: 
Cunk = (C0V0)/Vunk 
Where: 
Cunk – Unknown fluoride concentration 
C0 – Analyte concentration before any standard is added 
V0 – The volume of the solution before standard is added  
Vunk – Volume of unknown fluoride solution 
 
3.4.3 Iodometric titration 
 
Sulphate were analysed using the iodometric titration as used by Szekeres (1974). 10 g 
of Sodium thiosulfate salt (Na2S203) was dissolved into the 50ml of water sample and a 
few drops of methyl orange indicators were added into the sample to turn the solution 
pale orange.  The colour of the solution turned pink after 1 drop of 2N sulphuric acid 
(H2SO4) was added into the solution. A 500 ml of bromine water was then added to the 
solution changing it to yellow. Afterwards fewer drops of sodium sulphide solution 
were introduced to the solution until the colour turn pale yellow. Three drops of 0.025N 
phenol solution were added to turn the solution clear.  The titration with sodium 
thiosulfate started after 1mL H2SO4 and 5 mL of potassium iodide (KI) solution were 
added. 1 ml of the starch indicator solution was introduced to the solution turning the 
solution dark purple once the solution turned pale yellow. Titration was resumed until 
the solution become colourless. The burette reading was recorded and converted to 
mg/kg of iodine in salt. 
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3.4.4   Membrane filtration methods 
 
E. coli in the water samples were enumerated using a Membrane filtration methods and 
these analysis were done within eight (8) hours of sampling (Dufour et al., 1981 and 
USEPA, 2002). A volume of 1 litre of water samples were filtered through the bacteria 
retains membrane. After filtration, the bacteria retain membrane were placed on a 
selective and differential medium, modified membrane – Thermotolerant Escherichia 
coli (mTEC) agar, incubated at 35 ± 0.5°C for 2 ± 0.5 hours to resuscitate injured or 
stressed bacteria and then incubate at 44.5 ± 0.2°C for 22 ± 2 hours (USEPA, 2002). 
The target colonies on modified mTEC agar are red or magenta in colour after the 
incubation. The numbers of colonies were counted after incubating the membrane at 
room temperature. The numbers of colonies were used to calculate the E. coli present in 
the water samples. E. coli present were calculated as follows: 
   
𝐸. 𝑐𝑜𝑙𝑖 mg/l = (𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑖𝑙𝑡𝑒𝑟𝑒𝑑 𝑐𝑜𝑙𝑜𝑛𝑖𝑒𝑠 /𝑠𝑎𝑚𝑝𝑙𝑒 𝑣𝑜𝑙𝑢𝑚𝑒) × 100 
 
3.4.5 Colorimetric method 
 
COD from the water samples were analysed using the Colorimetric method as followed 
by LaPara, et al. (2000) and O’Dell (1993). All the culture tubes and screw caps were 
washed using H2SO4 (20%) to prevent contamination (O’Dell, 1993). Trace 
contamination were removed from the tubes by igniting them in a muffle furnace (oven) 
for an hour at a temperature of 500 ºC. 2.5 ml of sample was pipetted into different 
tubes. About 1.5 ml of the digested solution was added into the tubes and mixing was 
allowed. Almost 3.5 ml of catalyst solution (silver sulphate) was introduced to 
solutions. The mixture was then shaken and placed into a block digester (oven) at 150 
ºC for two hours. The tubes were then removed from the oven, cooled and mixed and 
precipitation was allowed to settle. The process was repeated until a stable baseline was 
achieved. The calibration curve was plotted using the response form the instrument 
against the standard concentration. Samples exceeding the highest standards were 
diluted and reanalysed.  
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3.4.6 Automated flow injection. 
 
Nitrates was analysed as per Mikuška and Večeřa (2003) using the automated flow 
injection. Water sample was injected into the water carrier stream and transported 
through the long coil towards the anion-exchange column, where nitrate is trapped. In 
the alternative position of the injector, water sample was extracted from the column by 
the 0.05 mol/l HCl solution, being the sample zone transported towards the flow cell. 
The timer of the sliding bar injector was adjusted to 60s and 150s in the injection and 
extraction position, respectively. Absorbance measurements were carried out at 201 nm. 
All the measurements were carried out in duplicates. The flow injection procedure 
based on nitrate reduction by comprised cadmium filings followed by the formation of 
an azo dye with nitrite was adopted as reference for the analysis of the nitrate in the 
water samples (Melchert and Rocha, 2005). 
 
3.4.7 Inductively Coupled Plasma Atomic Emission Spectrometry (ICP - AES) 
 
Sodium, aluminium, iron and manganese concentrations in water were analysed using 
the Inductively Coupled Plasma Atomic Emission Spectrometry (ICP - AES) as per 
Fifield and Haines (2000). The calibration curve was prepared for the analysed metals 
by running concentrations of standard solutions (Lokhande et al., 2011). The Inductive 
Coupled Plasma (ICP) uses radio – frequency induction in argon and can generate 
temperature in excess of 8000 ºC (Fifield and Haines, 2000). Although ICP-AES largely 
eliminates chemical interferences, the high temperature leads to a multiplicity of intense 
emission lines in the spectrum and these have to be carefully chosen. 
 
3.5 STATISTICAL DATA ANALYSIS 
 
In this study, the water quality parameters were observed along the Klip River 
monitoring stations and at the Olifantsvlei wastewater treatment plant. The selected 
stations were determined based on the data reported from 2009 to 2014. The data were 
initially arranged according to the stations and year of monitoring and interpolation was 
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used to obtain all the missing data. In this study, the temporal variations of the Klip 
River and Olifantsvlei WWTW water quality parameters were analysed per season.  
 
In statistical analyses, the values below the detection limits are often censored or 
substituted with a constant value such as zero. The same rule was applied in this study 
to set all observation value below detection limits to zero. In this study, data were 
standardized to increase the homogeneity of the dataset and to enhance data normality 
and to ensure that all parameters are close in terms of their variances (Yidana et al., 
2010). The Statistical Analysis System software (SAS 9.3) was used for the descriptive 
analysis, correlation coefficient and for multivariate statistical analysis of the data. 
 
3.5.1 Factor Analysis/Principal Component Analysis  
 
Factor analysis was performed to the data to determine and rank the sources of variation 
in water quality of the Klip River. In factor analysis, ‘principal components’ was 
selected as the preferred method. The number of factors generated from a factors 
analysis reflects the total number of possible sources of variation in water quality data. 
Factors are ranked based on merits. The first factor has the highest eigenvector sum and 
represents the most important source of variation in the water quality data. The last 
represent the least important process contributing to the water quality variation. The 
factor loadings on the factor loadings tables are interpreted as correlation coefficients 
between the variables and the factors. 
 
For this study, Principal Component Analysis (PCA) was used to determine possible 
variability between samples using eigenvector. PCs whose eigenvalues were greater 
than one (1) were retained and further analysed. Eigenvectors reveal the internal 
structure of the data to explain data variability. Relationships between samples were 
presented by percentage variation using the 2D PCA ordination plots. 
 
3.5.2 Discriminant Analysis 
 
  
 45 
 
The aim of discriminant analysis is to determine if the water quality variables for the 
Klip river system had changed from 2009 to 2014, and also to explore the perception 
that the water quality in four sectional areas (influent, effluent, upstream and 
downstream points) of the Klip River were differing from each other. This analysis 
helped in determining if there is an improvement in – terms of water quality across the 
Klip river system. Discriminant analysis was performed on raw data by the Bayesian 
model to construct discriminant functions to evaluate both spatial and temporal 
variations in water quality.    
 
3.6 ETHICAL CONSIDERATIONS  
 
After completing the research dissertation, the researcher had to obtain ethical clearance 
from the University of South Africa’s research ethics committee before data collection 
could proceed. The researcher with the assistance of the study supervisors wrote a letter 
to Johannesburg Water (Pty) Ltd requesting an authorization to access the Olifantsvlei 
WWTW for sample collection and to request the secondary data. Another request letter 
was prepared to the Council for Scientific and Industrial Research (CSIR) requesting 
authorization to utilize their laboratory. Permission letters from both the Johannesburg 
Water (Pty) Ltd and CSIR granting authorization (See Annexure A and B) were used as 
the supporting documents for the ethics clearance application. The researcher waited for 
the ethics clearance approval from the University before commencing with data 
collection and analysis (See Annexure C). 
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CHAPTER 4: RESULTS AND DISCUSSION 
 
4.1 INTRODUCTION 
 
The chapter describes the results from the various methods described in the previous 
chapter. Of note was that the samples collected from the influent and effluent points 
were aimed on evaluating the effectiveness of the wastewater plant in removing wastes 
before discharge and also to assess the impact of the wastewater effluents on the Klip 
River. 
 
4.2 MONTHLY PERFORMANCE OF THE OLIFANTSVLEI WWTW OVER A 
FIVE PERIOD USING THE SECONDARY DATA 
 
As part of the study, the performance of the Olifantsvlei WWTW was assessed over a 
period of five to test if the wastewater works was improving or deterioration with 
regards to wastewater treatment. Monthly and seasonal assessment of the wastewater 
works were done to assess the treatment efficiency. The performance was assessed 
using the phosphate, ammonia, Chemical Oxygen Demand and suspended solids. The 
results were statistically analysed using Microsoft Excel to assess the treatment effect. 
Factor scale of 10, 2, 4 and 3 were used to enlarge the effluent concentration graph of 
ammonia, phosphate, COD and suspended solids, respectively (Figures 6, 7, 8 and 9).    
 
4.2.1 Nutrients analysis (Ammonia and phosphate) 
4.2.1.1 Ammonia 
 
The mean monthly ammonia values for the influent and effluent wastewater quality 
from the Olifantsvlei WWTW from January 2009 to December 2013 ranged from 16.34 
to 30.13 mg/l and from 0.485 to 0.975 mg/l, respectively (Figure 6). The study by 
Agyemang et al., (2013) also found similar trends to this study in their study area. The 
concentrations of the influent wastewater fluctuated with time and were increasing from 
2009 to 2013. Figure 6 highlights that the Olifantsvlei WWTW was able to reduce the 
concentration of ammonia, however, the Olifantsvlei WWTW could not effectively 
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remove ammonia concentration in the wastewater to the DWA wastewater discharge 
limit of 3 mg/l.  
 
The high concentration of ammonia in the influent quality could be due to the ammonia 
by – products of anaerobic digestion whilst the low concentration at the effluent point 
could be attributed to nitrification and de – nitrification processes (Agyemang, et al., 
2013; WHO 2003a).  The concentration of this influent wastewater quality should be 
continuously monitored to avoid the partial treatment of ammonia to enter the river 
system.  Ammonia can be broken down by nitrifying bacteria to form nitrite and nitrates 
in the present of dissolve oxygen (WHO, 2013a). The study by Elias (2004) and Nyenje 
et al, (2010) found that the nitrates load into the water bodies pose a threat to water 
quality and also results in eutrophication. 
  
4.2.1.2 Phosphate 
 
Figure 7 shows that the concentration of phosphate ranged between 1.69 – 8.29 mg/l 
and 0.5 – 0.8 mg/l from the influent and effluent water samples. There is currently no 
DWA waste discharge limits for phosphate. The results demonstrate that the 
Olifantsvlei WWTW was able to reduce the concentration of the phosphate at the 
effluent point throughout the study period. This indicates that the Olifantsvlei WWTW 
does not contribute to major phosphate (greater than 1) loading into the Klip river 
system. Phosphates does not have adverse health effect, however, when the 
concentration is greater than 1 mg/l may interfere with coagulation in water treatment 
plants, resulting in organic particles that harbor micro – organisms not completely 
removed (USEPA, 2007). Phosphate concentration highlights that effluent 
concentration would not interfere with coagulation in water treatment plant if the water 
is treated for drinking purposes.   
 
4.2.2 Chemical properties (COD) 
 
The mean monthly influent and effluent chemical oxygen demand (COD) of the 
wastewater samples range of 206.21 – 498.06 mg/l and 20.00 – 104 mg/l, respectively 
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(Figure 8). Throughout the study period all the effluent wastewater concentration were 
low as compared to the influent wastewater concentration, however, only the effluent 
concentration (104 mg/l) in September 2010 was above the DWA wastewater effluent 
discharge limit of 75 mg/l. The presence of COD concentration in the effluent quality 
could be due to the presence of sulphides, sulphites, thiosulphate and chlorides that 
cause interference to COD (Agyemang et al., 2013). This highlights that there is low 
COD (below 75 mg/l) level discharged into the Klip river system, suggesting that less 
amount of oxidizable organic materials in the water which would not reduce dissolved 
oxygen levels. A reduction in DO can lead to anaerobic conditions, which is deleterious 
to higher aquatic life forms. 
  
4.2.3 Physical properties (Suspended solids) 
 
A suspended solid is the measure of the amount of material suspended in water. The 
mean concentration of suspended solids from January 2009 to December 2013 for the 
influent and effluent water samples ranged from 47 – 198.08 mg/l and 3 – 17.13 mg/l, 
respectively (Figure 9). The concentration of the effluent water quality for the entire 
study period did not exceed the DWA waste discharge standards of 25 mg/l. The low 
concentration of effluent suspended solids could be attributed to complete sludge 
settlement during sedimentation stage of the treatment processes. Suspended solid is 
correlated to turbidity and the results suggests that the effluents from this WWTW 
would not increase the temperature of the water as the effluents do not contributes to 
high turbidity of the river system (Wilson, 2010). Therefore, this indicates that the 
effluent discharged into the river system support the diversity of aquatic life. 
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Figure 6: Comparison of the monthly concentration of ammonia from the influent and effluent points between 2009 and 2013. Note: Effluent 
data × 10 to make it visible 
 
Figure 7: Comparison of monthly concentration of suspended solids from the influent and effluent points between 2009 and 2013. Note: Effluent 
data × 3 to make it visible 
0
5
10
15
20
25
30
35
 Jan
09
 Mar
09
 May
09
 Jul
09
 Sep
09
 Nov
09
 Jan
10
 Mar
10
 May
10
 Jul
10
 Sep
10
 Nov
10
 Jan
11
 Mar
11
 May
11
 Ju
11
 Sep
11
 Nov
11
 Jan
12
 Mar
12
 May
12
 Jul
12
 Sep
12
 Nov
12
 Jan
13
 Mar
13
 May
13
 Jul
13
 Sep
13
 Nov
13
A
m
m
o
n
ia
 (
m
g/
l)
 
Time (months) 
Effluent
Influent
0
50
100
150
200
250
 Jan
09
 Mar
09
 May
09
 Jul
09
 Sep
09
 Nov
09
 Jan
10
 Mar
10
 May
10
 Jul
10
 Sep
10
 Nov
10
 Jan
11
 Mar
11
 May
11
 Ju
11
 Sep
11
 Nov
11
 Jan
12
 Mar
12
 May
12
 Jul
12
 Sep
12
 Nov
12
 Jan
13
 Mar
13
 May
13
 Jul
13
 Sep
13
 Nov
13
Su
sp
_s
o
lid
s 
(m
g/
l)
 
Time (months) 
Effluent
Influent
   50 
 
 
Figure 8: Comparison of monthly concentrations of COD from the influent and effluent points between 2009 and 2013. Note: Effluent data × 4 
to make it visible 
 
Figure 9: Comparison of monthly concentrations of phosphate from the influent and effluent points between 2009 and 2013. Note: Effluent data 
× 2 to make it visible 
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4.2 SEASONAL PERFORMANCE OF THE OLIFANTSVLEI WWTW OVER SIX 
YEAR PERIOD USING THE SECONDARY DATA 
 
4.2.1 Nutrients analysis (Ammonia and phosphate) 
 
4.2.1.1 Ammonia 
 
Figure 10 shows that the seasonal concentrations of ammonia were within the DWA 
waste discharge limit of 3 mg/l in all the seasons throughout the study period. The study 
reveal similar trend to the monthly trends in terms of performance. The effluent quality 
did not vary significantly (all below 3 mg/l) throughout the different seasons (Figure 
10). Scale factor of 30 was used to enlarge the visually of the effluent graph in figure 
10. This is mainly due to the effectiveness of the Olifantsvlei WWTW in handling/ or 
treating the influent. The results also suggest that the design capacity of the treatment 
work is able to accommodate or handle the different magnitudes of wastewater influent.  
In–terms of the wastewater influent quality, there was a significant fluctuation, wherein 
the lowest concentration of ammonia were observed in the summer seasons except for 
the summer 2014.  The low concentration of ammonia in the summer seasons could be 
attributed to dilution through rain as the summer season in South Africa is associated 
with rains.    
 
4.2.1.2 Phosphate  
 
Figure 12 shows the seasonal variation of phosphate levels in effluent and influent 
wastewater with a range from 0.3 – 0.8 mg/l and 2.3 – 7.2 mg/l throughout the seasons 
for the entire study period, respectively. Phosphates do not have adverse health effect, 
however, the concentration greater than 1 mg/l may interfere with coagulation in water 
treatment plants (USEPA, 2007).  The Olifantsvlei WWTW was seasonally effective in 
wastewater treatment in terms of phosphate concentration as the influent concentration 
was below the effluent concentration throughout the study period. Based on the results 
presented above, it can be deduced that the Olifantsvlei WWTW was able to cope with 
different magnitudes (i.e. high quantity of influent during the rainy seasons) that were 
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entering the works. This also suggests that low level (few loads) of phosphate were 
discharged into the Klip river system by the treatment works which could result in 
accumulation loads of phosphate load which could in turn cause eutrophication in the 
river.  Also, the incidence of eutrophication could adversely affect the use of the river 
for recreational purposes as the covering of large areas by macrophytes could prevent 
access to waterways and could cause unsightly and malodorous scums, which would 
make recreation unpleasant. 
 
4.2.2 Chemical properties (COD) 
 
Figure 11 shows that the influent concentrations of COD varied significantly in 
different seasons with high concentration experienced in all the seasons. In terms of the 
seasonal treatment efficiency, the Olifantsvlei WWTW was able the reduce 
concentration of the effluent values in all the seasons with almost three times lower than 
the acceptable limit of 75 mg/l (Figure 11). This indicates the efficiency of the 
treatment works in removing chemical oxygen – demanding substances in the influent. 
The effluent discharged throughout the different seasons would not have negative 
effects on the downstream freshwater quality as well as cause harm to the aquatic life in 
the river. 
 
4.2.3 Physical properties (Suspended solids) 
 
Figure 13 highlight the seasonal concentrations of the effluent and influent wastewater 
for the entire study period. The seasonal concentrations of suspended solids for the 
influent wastewater were higher as compared to the concentration of effluent 
wastewater concentrations throughout the seasons of the study period.  This reveals that 
the effluent quality of the wastewater from the Olifantsvlei WWTW were within the 
DWA waste discharge limits throughout the entire seasons of a five years period. 
Similarity in terms of effluent concentration was mainly due to the treatment efficiency 
of the treatment works. High concentrations of suspended solids may settle out onto a 
streambed or lake bottom and cover aquatic organisms, eggs, or macro-invertebrate 
larva.  
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Figure 10: Seasonal performance of the Olifantsvlei WWTW in terms of Ammonia. 
Note: Effluent data × 10 to make it visible 
 
 
 
Figure 11: Seasonal performance of the Olifantsvlei WWTW in terms of COD 
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Figure 12: Seasonal performance of the Olifantsvlei WWTW in terms of phosphate 
 
 
 
Figure 13: Seasonal performance of the Olifantsvlei WWTW in terms of suspended 
solids. 
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4.3 WATER QUALITY TRENDS ALONG THE KLIP RIVER SYSTEM    
 
4.3.1 Biological parameter 
4.3.1.1 Escherichia coli 
 
Escherichia coli (E. coli) present in the water are a measure of the amount of faecal 
bacteria present in the water. The study revealed that the E. coli count ranged from 520 
000 – 69 000 000 counts/100 ml with a mean 37 100 000 ± 45113413.9 counts/100 ml 
at the influent point, from 10 – 240 000 counts/100 ml with a mean of 7 577.2 ± 25 
475.9 counts/100 ml at the upstream point, from 10 – 240 000 counts/100 ml with a 
mean of 1 722 ± 3 819.3 counts/100 ml at the downstream point and from 1 – 870 
counts/100 ml with a mean of 10.4 ± 44 counts/100 ml at the effluent point as shown in 
Table 3. The E. coli present in all the sampling points were above the DWA discharge 
limits and DWAF guidelines for aquatic ecosystem. This could also indicate the 
possibility of other sources of wastewater being discharged into the Klip River. This 
also indicates that using the river water without treating could pose serial health risk to 
the community. 
 
The high concentrations of E. coli present at the influent, upstream and downstream 
points could be attributed to the wastewater containing sanitary wastes and runoff into 
the river, respectively (Chapman, 1996; Isobe et al., 2004). When these waters are used 
as sources of drinking water and the water is not treated or inadequately treated, E. coli 
may end up in the drinking water transmitting infectious diseases such as cholera, 
typhoid, hepatitis and cryptosporidiosis (WHO, 1993). Chapman (1996) further 
highlighted that open channels (rivers) next to the human settlement are vulnerable to E. 
coli contamination.  The reduction in E. coli counts at the effluent points is due to 
disinfection of wastewater using chlorine, ozone or ultraviolet (USEPA, 1999; USEPA, 
2004).   
 
4.3.2 Physical parameters 
 
4.3.2.1 Electrical conductivity 
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Table 8 shows that the EC concentration ranged from 37.0 – 120 mS/m with a mean 
value of 62.3 ± 11.6 mS/m at KR 10 (upstream point), from 93.4 – 94.0 mS/m with a 
mean value of 93.7 ± 0.4 mS/m at O2RF (influent point), from 41.0 – 86.0 mS/m with a 
mean value of 56.2 ± 8.5 mS/m at KR 11 (downstream point) and from 41.0 – 69.0 
mS/m with a mean value of 47.8 ± 4.1 mS/m at OPE_G (effluent point). The study 
revealed that the Olifantsvlei WWTW was able to drop the concentration level of 
electrical conductivity from the influent (93.7 mg/l) to the effluent point (47.8 mg/l). 
The electrical conductivity of the effluent quality was within the DWA wastewater 
effluent limit of 70 mS/m. This study confirms with the study by Agyemang (2013) 
with regards to the ion removal from the wastewater. This suggests that the Olifantsvlei 
WWTW was able to remove some amount of ion in the wastewater before discharge. 
Any pollution increase in terms of EC could pose a potential health risks to the 
downstream users of water. 
 
High concentration of the electrical conductivity was recorded in the upstream and 
influent points indication the high dissolved ions emanating from the mining industries 
upstream and the households contents from the wastewater influent (Walakira, 2011; 
Agyemang, et al., 2013). The reduction in EC concentration at the downstream point 
could be due to the dilution effects and other natural processes along the river system 
(Walakira, 2011).  
 
4.3.2.2 Suspended solids 
 
Table 8 shows the concentration of suspended solids ranged from 1 – 53 mg/l with a 
mean of 5.7 ± 4.9 mg/l at the upstream point, from 1 – 88 mg/l with a mean of 6.3 ± 7.0 
mg/l at the downstream point, from 2.3 – 900 mg/l with a mean of 159.9 ± 109.1 mg/l at 
the influent point and from 1 – 34 mg/l with a mean of 8.2 ± 4.9 mg/l at the effluent 
point. Throughout the study period, the effluent wastewater quality did not exceed the 
DWA waste discharge standards of 25 mg/l. This illustrates that there was effective 
sludge settlement during the sedimentation stage at Olifantsvlei WWTW.  
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Although the Olifantsvlei WWTW was effective in removing suspended solids, lower 
loads contained in the wastewater effluents could be attributed to the increase in the 
downstream concentrations. Increase concentration of suspended solids could results in 
an increase the temperature of the water as the suspended solids could contributes to 
high turbidity of the river system (Wilson, 2010). However, the wastewater discharged 
into the Klip river system from this plant could contributes to accumulation of 
suspended solids load into the Klip River which could in future impact negatively on 
the water quality for the  downstream users.  
4.3.2.3 pH 
 
Table 4 shows that the pH value ranged from 7.2 – 9.8 mg/l (8.3 ± 0.4 mg/l) at the 
effluent point, from 6.0 – 8.8 mg/l (7.7 ± 0.3 mg/l) at the downstream point, and from 
5.9 – 8.1 mg/l (7.5 ± 0.3 mg/l) at upstream point. The pH value remains unchanged for 
the influent point throughout the study at 7.6 mg/l as shown in Table 8. Table 4 
highlights that all the water quality samples were alkaline throughout the entire period 
which suggesting the availability of chemical and nutrients in the water to be used by 
plants (Walakira, 2011; Jansen, 2010; Powell et al., 2008).  
 
There was a decrease in terms of mean concentration between the influent (7.6 mg/l) 
and effluent (6.0 mg/l) and this suggests that some form of wastewater treatment is 
achieved (Agyemang et al., 2013). Agyemang et al. (2013) further highlighted that the 
decrease in pH value at the effluent wastewater could be attributed to the dosing of 
sulphuric acid to the influent wastewater at the pre – treatment section process, in order 
for the biological processes to be effected. In comparison with the DWA wastewater 
effluent limits (5.5 – 9.5), all the pH values measured throughout the study period were 
within the acceptable limits. Based on the DWA effluent discharge limits, the pH of the 
Klip river water would not adversely impact its use for domestic and recreational uses. 
In comparison with the study by Durgapersad (2005) on the same river system, the Klip 
River shows some similarities with a pH range of 7.3 – 8.5. 
 
The lowest range of pH was observed at the upstream point of the Klip River while the 
maximum value was observed at the effluent point. The lowest pH value in the 
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upstream is of a result of the mining activities where the gold tailings are washed into 
the Klip River to reduce the pH value. The studies by Durgapersad (2005) and Vermaak 
(2009) highlighted that the Klip River water quality has deteriorating due to effluent 
from the informal settlement, urban and agricultural runoffs. This effluents quality has a 
potential to decrease the pH value of water.  
 
4.3.3 Chemical parameters 
 
4.3.3.1 Chlorine  
 
Table 8 shows that the chlorine concentration ranged from 0.02 – 60 mg/l with a mean 
concentration of 31.4 ± 7.2 mg/l at the upstream point, from 0.02 – 72 mg/l with a mean 
concentration of 35.7 ± 7.7 mg/l at the downstream point and from 10.0 – 94.0 mg/l 
with a mean concentration of 46.4 ± 9.3 mg/l at the effluent point. There was no 
chlorine observed at the influent point and this is due to the WWTW not measuring 
chlorine at this point. The concentrations of chlorine were above the DWA waste 
discharge limit in all the sampling points, suggesting that all the microbiological 
contaminants in the water body would be destroyed; however, there would be a 
negative effect on the aquatic spices.  
 
Chlorine concentration in the water followed an increasing trend from upstream, 
downstream and effluent points. The study by USEPA (1999) and USEPA (2004) 
revealed that chlorine, ozone or ultraviolet are used as disinfectant at the wastewater 
treatment works hence high concentration of chlorine at the effluent point. This chlorine 
concentration affects the downstream concentration and this can be seen by high load of 
chlorine. The present of chlorine at the upstream point of the Klip river system could as 
a result of effluent from the mining industries containing chlorine used during the 
chlorination processes. Alkaline chlorination is used as a technology to destruct cyanide 
and this could be used in the mining industries to destruct cyanide from the mining 
tailings (USEPA, 1994b). 
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4.3.3.2 Chemical Oxygen Demand 
 
Table 4 shows the COD concentration which ranged from 36 – 1500 mg/l with a mean 
value of 346 ± 145.9 mg/l at the influent point, from 10.0 – 330.0 mg/l with a mean of 
31.5 ± 22.1 mg/l at the effluent point, from 10.0 – 330.0 mg/l with a mean of 22.5 ± 
22.3 mg/l at the upstream point and from 10.0 – 230.0 mg/l with a mean of 23.2 ± 15.8 
mg/l at the downstream point. These results demonstrate effectiveness in treating COD 
in the influent before discharging into the Klip River system. Even though the effluent 
were within the DWA wastewater discharge limits, the presence of COD in the effluent 
wastewater could be attributed to the presence of sulphides, sulphites, thiosulphate and 
chlorides that cause interference to COD (Agyemang et al., 2013).  
 
High concentrations were recorded at the influent point and this could be due to the 
municipal wastewater containing residual food waste from households, antifreeze and 
emulsified oils. The results also showed that the Olifantsvlei WWTW effluent did not 
impact on the receiving Klip river system as the concentration of COD did not 
significantly change from the upstream stream, downstream and effluent points. The 
slight change in term of COD concentration at the downstream point is due to dilution 
taking place between the effluent and downstream points. This however suggests that 
the effluent quantity from the Olifantsvlei WWTW does contribute to the positive 
ecological integrity of the river system. 
 
4.3.3.3 Sodium 
 
Sodium concentration ranged from 75 – 81 mg/l with a mean value of 78 ± 4.2 mg/l at 
the influent point, from 34.0 – 59.0 mg/l with a mean of 46.3 ± 4.4 mg/l at the effluent 
point, from 14.0 – 59.0 mg/l with a mean of 32.7 ± 6.7 mg/l at the upstream point and 
from 17.0 – 57.0 mg/l with a mean of 37.1 ± 7.1 mg/l at the downstream point as shown 
in Table 8. The concentration of sodium in the study area followed an increasing order 
from 32.7 ± 6.7 mg/l (upstream point), 37.1 ± 7.1 mg/l (downstream point), 46.3 ± 4.4 
mg/l (Effluent point) and 78 ± 4.2 mg/l (influent point).   
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The study revealed that the sodium concentration at the effluent point is below the 
concentration at the influent point suggesting that the Olifantsvlei WWTW was 
effective in treating sodium. The results for this study disagree with the study by Du et 
al., (2011) regarding the concentration of sodium at the discharge or effluent point. Du, 
et al., (2011) highlighted that during the treatment process of wastewater, salts 
containing sodium are used for the disinfecting which results in excessive sodium 
concentration in the effluent.  The reason for disagreement could be due to the WWTW 
using either ozone or UV to disinfect the water before discharging.  
 
The slight difference between the upstream (32.7 ± 6.7 mg/l) and downstream point 
(37.1 ± 7.1 mg/l) was due to the introduction of additional salts through discharge of 
effluent wastewater into the river system. There are no effluent standards set for sodium 
which made the research not to compare if the results were above the recommended 
standards.  
 
4.3.4 Nutrients 
 
4.3.4.1  Phosphate 
 
Phosphate concentrations ranged from 0.5 – 1.1 mg/l with a mean value of 0.5 ± 00 
mg/l at the upstream point), from 0.5 – 5.8 mg/l with a mean value of 0.5 ± 0.4 mg/l at 
the downstream point, from 0.2 – 17 mg/l with a mean value of 4.2 ± 2 mg/l at the 
influent point and 0.5 – 1.4 mg/l with a mean value of 0.5 ± 0.1 mg/l at the effluent 
point throughout the study period (Table 4). The results suggest an increasing trend 
from the upstream point to the downstream point. This increasing trends is influenced 
by the effluent been discharge into the river as well as the natural and anthropogenic 
sources along the river systems. In comparison to the standards, phosphate values were 
below DWA wastewater effluent discharge and exceeded the standard at the influent 
put. The Klip River along the study point is not polluted with regards to phosphate. This 
also highlights that there are less change of eutrophic process to happen in the river 
system.  
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4.3.4.2 Sulphates 
 
The sulphates concentrations ranged from 55 – 620 mg/l with a mean value of 141 ± 
74.6 mg/l at the upstream point), from 29 – 470 mg/l with a mean value of 111.4 ± 53.7 
mg/l at the downstream point, from 65 – 66 mg/l with a mean value of 65.6 ± 0.7 at the 
influent point and 36 – 400 mg/l with a mean value of 56.8 ± 33.1 mg/l at the effluent 
point for the study period (Table 4). The results highlights that the mean concentration 
of effluent was below the mean concentration of the influent wastewater, however, 
looking at the standard deviation of the effluent wastewater, it can be concluded that the 
effluent concentrations were higher than the influent wastewater at some point. The 
increase in sulphate could be attributed to the dosing of sulphuric acid during 
wastewater treatment to bring pH down for biological activities to be effected 
(Agyemang et al., 2013). Currently there are no sulphates discharge wastewater limits 
which could be used to assess if the sulphates concentration discharged into the river 
system would not affect the environment.  
 
High concentration of sulphates concentration is observed at the upstream point with a 
mean of 141 ± 74.6 mg/l and the high concentration of sulphates could be attributed the 
effluent from the two gold mining taking places at the upstream point of the Olifantsvlei 
WWTW. There is an evidence of dilution taking place at the Klip river system and this 
is supported by an improvement in - terms of sulphates concentration from the upstream 
to the downstream point. The effluent from the Olifantsvlei WWTW containing low 
concentration of sulphates contributes to the dilution of the sulphates concentration 
along the Klip river system. The result agrees with that of Durgapersad (2005) showing 
an improvement of the sulphate concentration in the river system. This study indicates 
that WWTW is not the source of sulphate polluting the river water. 
 
4.3.4.3 Nitrates 
 
Table 8 shows that the nitrates concentrations ranged from 0.5 – 44 mg/l with a mean 
value of 4.6 ± 4.8 mg/l at the upstream point, from 0.5 – 17 mg/l with a mean value of 
3.7 ± 2.1 mg/l at the downstream point, and 0.5 – 9 mg/l with a mean value of 3.8 ± 1.6 
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mg/l at the effluent point. The concentration of nitrates at the influent remained 
unchanged with a concentration of 0.3 mg/l for the study period. The concentration of 
nitrates in the Klip River was all above the DWAF aquatic guideline. According to the 
study by Abbaspour (2011), Egun (2010), Elias (2004) and Odjadjare and Okoh (2010), 
high levels of nitrates results in excessive nutrient enrichment in the water body which 
could in turn results in the loss of diversity in the aquatic biota and overall ecosystem 
degradation.   
 
The results also highlight that high concentration (4.6 ± 4.8 mg/l) was observed at the 
upstream point and this could be traced to agricultural activities, and or industrial 
activities occurring upstream (Nyenje et al., 2010). Less significant change in terms of 
nitrates concentration between the effluent and downstream point could be done to the 
effluent quality being discharged into the river (Odjadjare and Okoh, 2010). The study 
by Odjadjare and Okoh (2010) further reiterated that final effluent are the contributors 
of nitrates into the river system which can be observed through similarities in terms of 
nitrates between the two points. The Olifantsvlei WWTW contributes less concentration 
of nitrates into the Klip river system as compared to the upstream activities (Table 4). 
This can be supported by comparing the nitrates concentrations at the upstream point 
versus the effluent point. 
 
4.3.4.4 Ammonia – nitrogen (NH3-N)  
 
Table 4 shows that ammonia concentration ranged from 0.2 – 12 mg/l with a mean 
value of 1.8 ± 2.6 mg/l at KR 10 (upstream point), from 0.5 – 3.4 mg/l with a mean 
value of 0.7 ± 0.6 mg/l at KR 11 (downstream point), from 0.5 – 250 mg/l with a mean 
value of 23.4 ± 7.7 mg/l at O2RF (Influent point) and from 0.1 – 2.4 mg/l with a mean 
value of 0.5 ± 0.1 mg/l at OPE_G (effluent point). The study reveals that the treatment 
works was able to discharge effluent with less ammonia concentration which could 
increase the loading at the downstream point. The presence of ammonia at the other 
points could be attributed to anthropogenic activities and erosion of waste for the 
agricultural as well as the mining activities. Ammonia can be broken down by nitrifying 
bacteria to form nitrite and nitrates in the present of dissolve oxygen (WHO, 2013a). 
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The study by Elias (2004) and Nyenje et al (2010) found that the nitrates load into the 
water bodies pose a threat to water quality and also results in eutrophication. 
 
High ammonium concentration at the influents point could be attributed to a variety of 
wastewater influents from household wastes (i.e. contains human waste and detergents); 
agricultural wastes and industrial wastes (Effler et al, 1990; Durgapersad, 2005).  The 
study also revealed that the ammonia concentration along the Klip River was above the 
DWAF aquatic guideline throughout the study period indicating that consuming such 
water would affect the respiratory systems of many animals including human beings 
(DWAF, 1996). 
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Table 3: Range, mean and S.D. of water quality parameters at different locations in the study area during 2009 - 2015. 
Parameters KR 10 (upstream point) KR11 (Downstream point) O2RF (Influent point) OPE_G (Effluent point) 
N Min Max Mea
n 
SD N Min Max Mea
n 
SD N Min Max Mea
n 
SD N Min Max Mea
n 
SD 
Ammoniu
m (mg/l) 
227 0.2 12 1.8 2.6 227 0.5 3.4 0.7 0.6 1659 5 
 
250 23.4 7.7 223 0.1 2.4 0.5 0.1 
Cl (mg/l) 227 0.02 60 31.4 7.2 227 0.02 72 35.7 7.7 4 0 0 0 0 223 10.0 94.0 46.4 9.3 
COD 
(mg/l) 
227 10 330 22.5 22.3 227 10 230 23.2 15.8 1673 36 1500 346 145.
9 
223 10 330 31.5 22.1 
Cond 
(mS/m) 
227 37 120 62.3 11.6 227 41 86 56.2 8.5 4 93.4 94 93.7 0.4 223 41 69 47.8 4.1 
E. coli 
(count/100
ml) 
227 10 240
000 
7577
.2 
2547
2.9 
227 10 2400
0 
1722 3819
.3 
4 5200
000 
6900
0000 
3710
0000 
4511
3413 
682 1 870 10.4 44 
Na (mg/l) 226 14 59 32.7 6.7 226 17 57 37.1 7.1 4 75 81 78 4.2 221 34 59 46.3 4.4 
NO3 (mg/l) 227 0.5 44 4.6 4.8 227 0.5 17 3.7 2.1 4 0.3 0.3 0.3 0 223 0.5 9 3.8 1.6 
pH 227 5.9 8.1 7.5 0.3 226 6 8.8 7.7 0.3 4 7.6 7.6 7.6 0 222 7.2 9.8 8.3 0.4 
SO4  (mg/l) 226 55 620 141.
5 
74.6 228 29 470 111.
4 
53.7 4 65 66 65.5 0.7 223 36 400 56.8 33.1 
Susp_solid 
(mg/l) 
227 1 53 5.7 4.9 227 1 88 6.3 7 1077 2.3 900 159.
9 
109.
1 
222 1 34 8.2 4.9 
PO4 (mg/l) 227 0.5 1.1 0.5 0.04 227 0.49 
 
5.8 
 
0.53 0.35 1663 0.19 
 
17 
 
4.19 1.98 223 0.5 
 
1.4 
 
0.52 0.10 
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4.4 WASTEWATER TREATMENT EFFICIENCY VERSUS THE REMOVAL 
PERCENTAGE 
 
This section assesses the treatment efficiency of the WWTW using both the secondary 
and the primary data. A comparison of the wastewater influent, effluent and percent 
removal performance of Olifantsvlei WWTW facilities were conducted. The study 
managed to assess the effectiveness of the plant using only sixteen water quality 
parameters (aluminium, ammonia, chlorine, COD, conductivity, fluoride, iron, 
magnesium, manganese, nitrate, phosphate, pH, sodium, sulphates and suspended 
solids) were used. These primary data were collected only twice in 2014 during the 
summer and winter months. Data reported here represent seasonal averages calculated 
from monthly average data collected by the researcher and Olifantsvlei WWTW. The 
selections of other parameters were used to assess treatment efficiency of other water 
quality parameters which are not mandatory for the DWS for green drop reporting. To 
calculate the treatment efficiency secondary data for the period of five years, only four 
water quality parameters (ammonia, COD, PO4 and suspended solids) were used. These 
parameters were selected mainly due to the continuous availability of influent and 
effluent data for the entire study period (five year period) to allow comparison. The data 
were subdivided into two the wet and the dry seasons. Conclusions were drawn of 
whether the plant effectively removes the effluent based on the standards or not.  
  
4.4.1 The treatment efficiency using the primary data 
 
Influent concentrations for all the primary data highlighted that the Olifantsvlei 
WWTW were high than the effluent concentrations except for the concentration of 
nitrate in both the dry and wet seasons (Table 4).  The removal efficiency of the 
Olifantsvlei WWTW were fairly good as the WWTW managed to remove above 65% 
of aluminium, ammonia, chlorine, COD, fluoride, iron, manganese, magnesium, 
phosphate and suspended solids in both the dry and the wet seasons of 2014. The 
WWTW achieved the removal percentage below 26.92% in electrical conductivity, 
nitrates, pH, sodium and sulphates. These could be attributed to the dosing of chemical 
during the wastewater treatment (USEPA, 1999; USEPA, 2004). These results suggest 
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that even though the effluent concentrations in terms of electrical conductivity, nitrates, 
pH, sodium and sulphates were within the DWA discharge limits, remedial action is 
required to increase the removal efficiency as this could results in trace concentration of 
those elements accumulating into the river to cause siltation or eutrophication.  
 
Table 4: Treatment efficiency in the wet and dry season using primary data 
Physico chemical 
parameters 
Waste discharge 
level 
Wet season Dry season 
Inflo
w 
Outflo
w 
% 
remov
al 
I/
D 
Inflo
w 
Outflo
w 
% 
remov
al 
I/
D 
Aluminium (mg/l) NA 0.29 0.05 82.76 I 0.27 < 0.03 88.89 I 
Ammonia (mg/l) 3 42 < 0.1 99.76 I 53.5 < 0.1 99.81 I 
Chlorine (mg/l) 0.25 0.03 0.03 100 I 
<0.0
2 
0.03 0 I 
COD (mg/l) 75 647 41 93.66 I 
587.
5 
11.5 98.04 I 
Conductivity (mS/m) NA 97.5 59.5 38.97 I 94 49.4 47.45 I 
Fluoride (mg/l) NA <0.2 < 0.2 100 I 0.26 < 0.2 23.08 I 
Iron (mg/l) 0.3 0.39 0.06 84.62 I 0.11 < 0.02 81.82 I 
Magnesium (mg/l) NA 10.5 8.6 18.1 I 14 12 14.29 I 
Manganese (mg/l) NA 0.16 0.06 62.5 I 0.4 0.05 87.5 I 
Nitrate (mg/l) 15 < 0.2 3 0 D 0.3 5.3 0 D 
Phosphate (mg/l) NA 4.5 0.33 92.67 I 6.7 0.86 87.16 I 
pH 5.5 – 9.5 6.9 9.6 0 I 7.6 8.05 0 I 
Sodium (mg/l) NA 73.5 56 23.81 I 78 57 26.92 I 
Sulphates (mg/l) NA 66 61.5 6.82 I 65.5 57.5 12.21 I 
Suspended solids 
(mg/l) 
25 295 8.5 97.12 I 
208.
5 
< 3 98.56 I 
* I denote improvement while D denote deterioration in terms of water quality and NA 
mean no standard set yet 
 
4.4.2 The treatment efficiency using the secondary data 
  
Tables 5 and 6 below show that the Olifantsvlei WWTW was able to effluent up to the 
DWA waste discharge limit and achieved the percent removal efficiency of above 81% 
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using ammonia, PO4, COD and suspended solids. These wastewater quality parameters 
were selected based on the continuous availability of influent and effluent wastewater 
data to allow comparison. The results suggests that throughout the five year period the 
treatment works was effectively removing those four water quality loads before 
discharging to the Klip River. The results further suggest that the Olifantsvlei WWTW 
follows all the treatment process outlined in the Water and wastewater treatment (2008). 
The processes are aimed on maintaining minimal discharge concentrations of water 
quality parameters into the river system to minimize the pollution. This therefore, 
highlights that in terms of the four parameters mentioned above; there are minimal 
loads of effluent concentration discharged into the Klip River which could negatively 
impact the river system.
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Table 5: Treatment efficiency in the dry season using secondary data 
  Ammonium (mg/l) COD (mg/l) PO4 (mg/l) Susp_solid (mg/l) 
Effluent standard 3 mg/l Effluent standard 75 mg/l Effluent standard NA Effluent standard 25 mg/l 
Inflow Outflow % removal I/D Inflow Outflow % removal I/D Inflow Outflow % removal I/D Inflow Outflow % removal I/D 
Year 1 23.1 0.5 97.85 I 274.7 33.3 87.88 I 6.13 0.51 91.68 I 131.9 6.9 94.77 I 
Year 2 22.9 0.5 97.82 I 304.2 30.4 90.01 I 5.1 0.5 90.20 I 150 7.9 94.73 I 
Year 3 23.5 0.5 97.87 I 400 30.4 92.4 I 3.6 0.5 86.11 I 203 7.9 96.11 I 
Year 4 24.1 0.5 97.93 I 369.9 27.15 92.66 I 3.2 0.52 83.75 I 146.3 6.15 95.80 I 
Year 5 23.8 0.5 97.90 I 387 32.9 91.50 I 2.7 0.5 81.48 I 149.1 6.7 95.51 I 
* I denote improvement while D denote deterioration in terms of water quality  
 
Table 6: Treatment efficiency in the wet season using the secondary data 
  Ammonium (mg/l) COD (mg/l) PO4 (mg/l) Susp_solid (mg/l) 
Effluent standard 3 mg/l Effluent standard 75 mg/l Effluent standard NA Effluent standard 25 mg/l 
Inflow Outflow % removal I/D Inflow Outflow % removal I/D Inflow Outflow % removal I/D Inflow Outflow % removal I/D 
Year 1 25.3 0.5 98.02 I 292.5 31.5 89.23 I 6.8 0.55 91.91 I 165.5 11.3 93.17 I 
Year 2 21.7 0.61 97.19 I 323.7 40.1 87.61 I 4.7 0.52 88.94 I 157.6 9.1 94.23 I 
Year 3 22.7 0.51 97.75 I 369.2 28.5 92.28 I 3.3 0.54 83.64 I 165.3 7.6 95.40 I 
Year 4 21.4 0.5 97.66 I 356.1 28.5 92 I 2.7 0.5 81.48 I 146.7 9.4 93.59 I 
Year 5 24.6 0.5 97.97 I 387.9 36.4 90.62 I 3.3 0.5 84.85 I 171.8 8.4 95.11 I 
* I denote improvement while D denote deterioration in terms of water quality  
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4.5 COMPARISM OF TREATMENT EFFICIENCY USING PRIMARY AND 
SECONDARY DATA 
 
Only four wastewater quality could be used to compare the treatment efficiency using 
the primary and secondary data for both the wet and dry seasons. The overall results for 
both the dry and wet seasons, the WWTWs present good overall performance in terms 
of the four water quality parameters were within the DWA waste discharge limits. With 
regards to the wastewater percentage removal of water quality loads, the Olifantsvlei 
WWTW demonstrated effective contaminant treatment performance by removing above 
81% of the measured parameters throughout the entire study area (Tables 6, 7 and 8). 
The outcomes of the treatment efficiency and percentage removal suggests that the 
Olifantsvlei wastewater treatment plant follows all the treatment process outlined in the 
water and wastewater treatment (2008) and also highlight that there are less pollution 
loads of ammonia, COD, PO4 and suspended solids discharged into the Klip by the 
plant . The outcomes of the treatment efficiency and percentage removal demonstrate 
that the secondary data provided by the Johannesburg Water Pty (Ltd) has not been 
tempered with as it does not have significant differences with the primary data collected 
by the researcher. This was deduced based on less significant change with regards to the 
percentage removal of the secondary and primary data. 
 
4.6 ASSESSMENT OF MEASURED WATER QUALITY USING PRINCIPAL 
COMPONENT AND FACTOR ANALYSIS OF THE DATA SETS 
 
Appendix D highlights a noticeable change in slope after the eigenvalue below one. 
Vega et al, (1998) suggested that the Kaiser rule for eigenvalues greater than one be 
retained and analysed further. The eigenvalue – one criterion highlights those PCs with 
eigenvalues more than one (1) are considered as the significant PCs when the 
correlation matrix is used during the analysis (Vega et al., 1998). Predictions of the 
original variables on the subspace of the PCs are called component loadings and 
corresponded with the correlation coefficients between PCs and variables. This however 
means that the component loadings are the linear combinations for each principal 
component, and prompt the correlation between the original variables and the newly 
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formed components. The component loadings were used to determine the relative 
importance of a variable as compared to other variables in a PC and do not reflect the 
importance of the component itself. 
 
From the four data sets, 3, 4, 2 and 3 significant principal components (PC) were 
retained for autumn, spring, summer and winter, respectively. These retained principal 
components are highlighting the major components that affect water quality. The 
retained principal components explained 67.83%, 70.34%, 68.36% and 74.40% of the 
cumulative variance of the information contained in the original data sets for autumn, 
spring, summer and winter, respectively (Table 7). The bold components in Table 7 
show the components that played an important role in the qualitative changes of water 
quality amongst the different seasons of the year. The other components that are not 
bolded played a less important role in the qualitative change of water quality.  
 
Table 7: Total Variance of the information contained in the original data sets for 
different seasons 
P
C
s 
Autumn Spring Summer Winter 
Eigenv
alue 
Cum % 
of var 
Eigenv
alue 
Cum % 
of var 
Eigenv
alue 
Cum % 
of var 
Eigenv
alue 
Cum % 
of var 
1 3.85 38.46 3.26 32.57 4.25 42.54 4.01 40.10 
2 1.65 54.97 1.59 48.45 2.58 68.36 2.40 64.13 
3 1.29 67.83 1.16 60.05 0.96 77.92 1.03 74.40 
4 0.79 75.73 1.03 70.34 0.83 86.25 0.78 82.16 
5 0.67 82.47 0.92 79.57 0.51 91.31 0.52 87.35 
6 0.55 88.00 0.79 87.47 0.34 94.76 0.45 91.89 
7 0.44 92.43 0.61 93.61 0.24 97.16 0.38 95.71 
8 0.35 95.95 0.31 96.72 0.19 99.06 0.31 98.85 
9 0.25 98.49 0.23 99.02 0.08 99.86 0.09 99.71 
10 0.15 100.00 0.10 100.00 0.01 100.00 0.03 100.00 
* The bold components represent the principal components that were rotated. 
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The retained principal components (PCs) for the data sets that played an important role 
in the qualitative changes of water quality amongst the different seasons of the year 
were subjected to varimax rotation. This was mainly to improve the interpretation of the 
PCA as well as to increase the absolute values of larger loadings and reduce the 
absolute values of smaller loadings within the components. According to Liu, et al., 
(2003), the factor loading is strong when the loading value is greater than 0.75, 
moderate when it ranges from 0.50 – 0.75 and weak when it ranges from 0.30 – 0.50. 
The positive and negative values corresponded to important and low inputs, 
respectively. 
 
4.6.1 Autumn season  
 
Table 8 shows the principal component analyses for the water sample along the Klip 
River for the autumn season. Table 7 indicates that the first three principal components 
together account for 67.83% of the total variance in the dataset, in which the first 
principal component is 38.46%, second principal component is 16.50%, and the third 
principal component is 12.9% of the total variance. The eigenvalues of the first three 
principal components (˃1) were used to evaluate the seasonal change of water quality 
along the Klip river system. The first principal components revealed that the 
concentrations of chlorine and pH had highest positive loadings extending to 0.85, 0.85 
and 0.80 respectively, whereas the concentration of suspended solids show moderate 
positive loading (0.53) as well as high negative loading of sulphates (– 0.81). In this 
factor, loading indicates that salts which could be attributed to anthropogenic activities 
(i.e. wastewater disinfection) greatly influenced the quality of the Klip River. During 
the disinfectant process of the municipal wastewater, chlorine products are used and 
when this chlorine product (i.e. sodium hypochlorite and calcium hypochlorite) react 
with water raises the pH level of the water (Du et al., 2011).  Figure 14 shows the 
cluster of water quality parameters which gets by autumn season. The closer in water 
quality variables highlights the stronger shared correlation.  From figure 14, it can be 
deduced that sodium, chlorine and pH should be the key parameters to be monitored as 
the strongly play a crucial role in influencing the water quality of the Klip river during 
the autumn season. 
  
 72 
 
 
In the second principal component, E. coli and ammonia had shown high positively 
loading of 0.81 and 0.75, respectively (Figure 14). This was due to less of the runoff to 
the river system. For the third principal component, the concentrations of nitrate and 
electrical conductivity show high positive loadings of 0.88 and 0.62, respectively 
(Figure 14). However, the concentration of this pollutant would accumulate and impact 
the Klip River in the longer period.  The two factors (factor two and three) ‘s water 
quality parameters do not significantly influence the water quality in autumn season as 
their total variance were both 50% less of the total variance of factor one.  
 
 
Figure 14: Biplot of correlation of water quality for autumn season. Note: Blue, red and 
yellow represent 32.57%, 15.90% and 11.60% of the total variance, respectively. 
  
4.6.2 Spring season 
 
The principal component analyses for the water sample for the spring season are shown 
in Table 8. Table 7 indicates that the first four principal components together account 
for 70.34% of the total variance in the spring dataset, in which the first principal 
component is 32.57%, second principal component is 15.9%, third principal component 
is 11.6% and the forth principal component is 10.3% of the total variance. The 
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eigenvalues of the first four principal components (˃1) can be used to evaluate the 
water quality along the Klip river system. The concentrations of chlorine, sodium and 
pH show high positive loadings of 0.87, 0.87 and 0.73, respectively in the first principal 
component. The positive load of chlorine, sodium and pH in the spring seasons could be 
attributed by the effluents from the Olifantsvlei WWTW and the mining industry. This 
season is South Africa is characterised by less runoff which could attributes to other 
pollution loads to the river system. Similar to the autumn season, chlorine, sodium and 
pH (Figure 15) are the parameters that would influence the water quality for this season 
and this is mainly due to wastewater effluent containing the chlorine salts which are 
used for disinfection of wastewater effluent before discharging into the Klip River. 
 
In the second principal component, electrical conductivity, sulphates and ammonium 
show high positive loading of 0.93, 0.81 and 0.69, respectively (Figure 15). This 
loading would also impact negatively the Klip River in a long run as the total variance 
is quite small. For the third principal component, E. coli and suspended solids 
composing of a positive loading of 0.76 and 0.66, respectively whereas the forth 
principal component was characterized by strong to moderate loading of chemical 
oxygen demand (0.90) and nitrates (0.48). Higher loading in E. coli, suspended solids 
and Chemical oxygen demand in the stream could cause affect water quality negatively 
and this would also affect it the long period as it accounts for a small percentage in both 
factor three and four. The remaining two factors (factor 3 and 4) each contribute less of 
the total variance and thus indicate that the water quality parameters that are positively 
and negatively loading in the three factors do not significantly influence the water 
quality changes within the spring season.  
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Figure 15: Biplot of correlation of water quality for spring season. Note: Blue, yellow 
and red represent 32.57%, 15.90% and 11.60% of the total variance, respectively. 
 
 
4.6.3 Summer season 
 
The principal component analyses for the water samples along the Klip River system 
for the summer season are shown in Table 8. Table 7 indicates that the first two 
principal components together account for 68.36% of the total variance in the dataset, in 
which the first principal component is 42.54% and the second principal component, is 
25.81%. The concentrations of chemical oxygen demand, ammonium, suspended solids 
and E. coli show high positive loading of 0.97, 0.93, 0.92 and 0.90, respectively. 
Summer season in South Africa is regarded as the rainy season where there are lots of 
materials that are washed into the rivers system through runoffs. These loading of water 
quality parameters increased the pollution intensity of the Klip river system during the 
study period. The results also suggests that from this catchment suspended solids, 
chemical oxygen demand, E. coli and ammonium are the parameters that influence the 
water quality during the summer season (Figure 16) and hence, frequent monitoring of 
these parameters is recommended to avoid downstream pollution. 
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In the second principal component pH and chlorine have high positive loadings of 0.84 
and 0.72 as well as the moderate negative of electrical conductivity (-0.61) as 
highlighted in figure 16. The electrical conductivity did not negatively affect the Klip 
river system. Factor accounts for 27.37% of the total variance and that indicates that the 
pH and chlorine concentration would not affect the Klip river system on a short term.  
 
 
Figure 16: Biplot of correlation of water quality for summer season. Note: Blue and 
yellow represent 42.54% and 25.81% of the total variance, respectively. 
 
 
4.6.4 Winter season 
 
The principal component analyses for the water sample from the Klip River system for 
the winter season are shown in Table 8. Table 7 indicates that the first three principal 
components together account for 74.40% of the total variance in the dataset, in which 
the first principal component is 40.10%, second principal component is 24.0%, and the 
third principal component is 10.3% of the total variance. The concentrations of 
chemical oxygen demand, ammonium, suspended solids and E. coli show high positive 
loadings of 0.97, 0.95, 0.93 and 0.78, respectively (Figure 17). High positive loadings 
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indicated strong linear correlation between the factor and parameters.  This factor 
showed similar trend as factor one of the summer season. The similar trend could be 
attributed to the amount of effluent discharged into the river system. 
 
In the second principal component, the concentrations of electrical conductivity and 
sulphates have high positive loadings of 0.76 and 0.75 with high negative loading in pH 
concentration (-0.82). Monitoring of these parameters should be in place to avoid long 
term impacts. The third component is dominated by weak loading and accounts for 
10.28% of the total variance in the entire data set. This component has a strong positive 
loading in nitrates concentration (0.93). The nitrates could be as a result of the 
anthropogenic activities currently taking place next to the Klip River and these 
activities does not have short term impacts on the water resources 
  
 
Figure 17: Biplot of correlation of water quality for winter season. Note: Blue 
represents 40.10% of the total variance. 
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Table 8: Varimax rotated factor loading values for four different data sets 
Autumn Spring Summer Winter 
Parameters VF 1 VF 2 VF 3 Parameters VF   1 VF 2 VF 3 VF 4 Parameters VF 1   VF 2 Parameters VF 1 VF 2 VF 3 
Na (mg/l) 0.85 -0.27 0.16 Cl (mg/l) 0.87 -0.13 -0.08 -0.01 COD (mg/l) 0.97 -0.06 COD (mg/l) 0.97 0.01 -0.09 
Cl (mg/l) 0.85 -0.23 0.14 Na (mg/l) 0.87 -0.10 -0.09 0.05 Ammonia 
(mg/l) 
0.93 -0.24 Ammonia 
(mg/l) 
0.95 0.12 -0.12 
pH 0.80 -0.10 -0.16 pH 0.73 -0.42 0.14 0.03 Susp_solid 
(mg/l) 
0.92 -0.07 Susp_solid 
(mg/l) 
0.93 0.02 -0.03 
COD (mg/l) 0.63 0.30 0.00 Cond 
(mS/m) 
-0.16 0.93 -0.01 -0.02 E. coli  
(counts/100 
ml) 
0.90 -0.12 E. coli  
(counts/100 
ml) 
0.78 0.07 -0.05 
Susp_solid 
(mg/l) 
0.53 0.41 -0.19 SO4 (mg/l) -0.33 0.81 0.03 -0.04 Na (mg/l) 0.59 0.54 Na (mg/l) 0.60 -0.57 0.00 
SO4 (mg/l) -0.81 0.04 0.18 Ammonia 
(mg/l) 
0.00 0.69 0.23 0.07 pH 0.02 0.84 Cond (mS/m) 0.35 0.76 0.02 
E. coli  
(counts/100 
ml) 
-0.22 0.81 -0.04 E. coli  
(counts/100 
ml) 
-0.25 0.11 0.76 -0.08 Cl (mg/l) -0.19 0.72 SO4 (mg/l) -0.17 0.75 -0.25 
Ammonia 
(mg/l) 
0.00 0.75 0.26 Susp_solid 
(mg/l) 
0.39 0.15 0.66 0.15 NO3 (mg/l) -0.20 0.43 Cl (mg/l) -0.33 -0.46 0.30 
NO3 (mg/l) 0.12 0.18 0.88 COD (mg/l) -0.09 -0.07 0.12 0.90 Cond (mS/m) 0.44 -0.61 pH 0.01 -0.82 -0.14 
Cond (mS/m) -0.54 -0.07 0.62 NO3 (mg/l) -0.25 -0.14 0.35 -0.48 SO4 (mg/l) -0.16 -0.77 NO3 (mg/l) -0.11 -0.03 0.96 
*Noteworthy strong factor loading in bold 
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4.7 DISCRIMINANT ANALYSIS OF THE WATER QUALITY DATA SET 
 
Discriminant analysis was performed to analyse the spatial and temporal variations of 
water quality of the Klip river data set for a five year period. 
  
4.7.1 Spatial variations in water quality 
  
The data set was grouped into four sampling points (KR10 – upstream point, KR 11 – 
Downstream point, O2RF – influent point and OPE_G – Effluent point) and was 
analysed using the Discriminant Analysis (DA) technique for spatial variations in water 
quality. For spatial variation, the water quality data were analysed using Multivariate 
analysis of variance (MANOVA) was used to determine the difference in the water 
samples collected from different sampling points. The equality of the group means was 
tested in MANOVA using the Wilks’ Lambda (Nath and Pavur, 1985). The Wilks’ 
lambda and p – value were found using MANOVA to be at 0.009 and < 0.001, 
respectively. The results suggest that there is a statistical significant difference between 
the sampling points along the Klip River and the measured water quality parameters. 
These significant differences could be attributed to different activities currently taking 
place along the Klip river system and the hydrological characteristics (flow influences 
the water quality of a river) of the river system. 
 
DA was performed on the raw data set to determine the most significant parameters 
associated with the differences between sampling points. The forward stepwise DA 
mode constructed three discriminant functions (DFs) with P-values less than 0.05 
statistically significant at the 100% confidence level (Table 9). The first DF which 
represents the majority of the variances in the relationship explained 88.65% of the total 
variance between sampling points. The second DF explained 11.11%, while the third 
one explained 0.24% of the total variance between the sampling points (Table 9). 
 
Table 9: Eigen values for DFs Sampling points 
Function Eigenvalue Proportion (%) Cumulative (%) 
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1 23.8862 88.65 88.65 
2 2.9942 11.11 99.76 
3 0.064 0.24 100 
 
Table 10 shows the classification matrix for the spatial variations attained from the 
standard mode. The results highlighted that the total classification matrix of the data set 
with 83.66 % correct were assigned using 10 discriminant variables. The upstream, 
downstream, influent and effluent points were 81.86%, 58.62%, 100.00% and 94.55% 
correct, respectively. The percent correct in all the sampling points highlight the size of 
the data used during the analysis and this also suggest that more data were included 
during the analysis.  
 
Table 10: Classification matrix for discriminant analysis of spatial variations 
Sampling points Correct % Sampling points assigned by DA 
KR10 KR11 O2RF OPE_G 
KR10 81.86 185 41 0 0 
KR11 58.22 60 131 0 34 
O2RF 100 0 0 4 0 
OPE_G 94.55 0 12 0 208 
Total 83.66 245 184 4 60.5 
 
The classification functions were obtained through the standard, forward and backward 
stepwise mode as highlighted in Table 11. In forward stepwise mode, the data is 
included step by step starting with the variables with more significance until no 
significant change, while for the backward stepwise mode, variables are removed step 
by step, staring with variable with less significant until no significant is reached 
(Shrestha and Kazama, 2007). Both the standard and forward stepwise modes 
constructed classification functions using ten (10) discriminant variables whereas, for 
the backward stepwise mode only one (1) discriminant parameter (sulphate) was 
removed (Table 11). The backward stepwise DA mode gave CMs assigning to 83.66% 
(Table 10) of the cases correctly using nine (9) discriminant parameters. Thus the 
spatial variation suggests that ammonium, chlorine, COD, electrical conductivity, E. 
coli, sodium, nitrates pH and suspended solids are the water quality parameters that 
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were the most significant parameters to discriminate between the points. This therefore 
means that these parameters accounted for most of the expected spatial variations of the 
water quality along the study site. Only sulphate is not the most significant water 
quality parameter to discriminate between the sampling points along the Klip river 
system. 
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Table 11: Classification function of the spatial variations in water quality 
 Standard mode Forward stepwise mode Backward stepwise mode 
Variable KR10 KR11 O2RF OPE_G KR10 KR11 O2RF OPE_G KR10 KR11 O2RF OPE_G 
Ammonia -1.14378 -1.43494 9.3041 -1.57711 -1.14378 -1.43494 9.3041 -1.57711 -1.14378 -1.43494 9.3041 -1.57711 
Cl 0.03129 0.05465 -0.33125 0.11095 0.03129 0.05465 -0.33125 0.11095 0.03129 0.05465 -0.33125 0.11095 
COD 0.03145 0.03102 0.6908 0.03839 0.03145 0.03102 0.6908 0.03839 0.03145 0.03102 0.6908 0.03839 
Cond 0.64363 0.58502 0.17834 0.48652 0.64363 0.58502 0.17834 0.48652 0.64363 0.58502 0.17834 0.48652 
E. coli -4.073E-07 -4.2073E-07 9.57E-06 -4.273E-07 -4.1E-07 -4.2E-07 9.57E-06 -4.3E-07 -4.07E-07 -4.21E-07 9.57E-06 -4.27E-07 
Na -0.36867 -0.2548 -0.07861 -0.10264 -0.36867 -0.2548 -0.07861 -0.10264 -0.36867 -0.2548 -0.07861 -0.10264 
NO3 0.25123 0.13615 1.17951 0.05894 0.25123 0.13615 1.17951 0.05894 0.25123 0.13615 1.17951 0.05894 
pH 32.50278 32.55888 16.9097 33.91054 32.50278 32.55888 16.9097 33.91054 32.50278 32.55888 16.9097 33.91054 
SO4 0.04777 0.04558 0.15567 0.04741 0.04777 0.04558 0.15567 0.04741     
Susp_solid -0.12341 -0.12541 3.387 -0.12333 -0.12341 -0.12541 3.387 -0.12333 -0.12341 -0.12541 3.387 -0.12333 
Constant 31.87228959 31.59614958 31.39527 32.84966957 31.87229 31.59615 31.39527 32.84967 31.82452 31.55057 31.2396 32.80226 
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4.7.2 Temporal variations in water quality 
 
The data set was grouped into four seasons (summer, winter, autumn and spring) and 
was analysed using the Discriminant Analysis (DA) technique for spatial variations in 
water quality. For temporal variation, the water quality was analysed by MANOVA and 
DA. As per Nath and Pavur (1985) the Wilks’ Lambda was used test the equality of the 
group means in MANOVA. The results highlighted that Wilks’ lambda was 0.67 and p 
value less than 0.0001 for the four seasons.  The results illustrates that the four seasons 
are significantly different with regard to all water quality parameters. 
 
DA was performed on the raw data set to determine the most significant parameters 
associated with the differences between seasons. From the analysis, only three 
discriminant functions (DFs) were found, accounting 100% of the total variance 
between seasons (Table 13). The first function explained 84.82% of the total variance 
between seasons; the second function explained 9.88%, while the third one explained 
5.30% of the total variance between the seasons (Table 13). 
 
Table 12: Eigenvalues for DFs Seasons 
Function Eigenvalue Proportion (%) Cumulative (%) 
1 0.39 84.82 84.82 
2 0.04 9.88 94.70 
3 0.02 5.30 100 
 
Table 14 shows the classification matrix for the temporal variations attained from the 
standard mode. The results highlighted that the total classification matrix of the data set 
with 48.10 % correct were assigned using eight (8) discriminant variables as indicated 
in Table 14. In autumn, spring, summer and winter, the results showed that it was 
46.43%, 56.57%, 51.60% and 37.79% correct respectively. The percent correct in all 
the seasons highlight the size of the data used during the analysis and less percentage 
correct suggests that less data were used for the analysis probably due to the missing 
data.  
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Table 13: Classification matrix for discriminant analysis of temporal variations 
Seasons Correct % Seasons assigned by DA 
Autumn Spring Summer Winter 
Autumn 46.43 65 17 39 19 
Spring 56.57 15 99 31 30 
Summer 51.6 46 32 97 13 
Winter 37.79 23 69 15 65 
Total 48.10 149 217 182 127 
 
Like for the spatial variations, the classification functions were obtained from the 
standard, forward stepwise and backward stepwise discriminant analysis modes (Table 
15). For both the standard and forward stepwise mode, all the ten (10) water quality 
parameters were more significant, while with the backward stepwise mode, only two 
water quality parameters (conductivity and E. coli) were removed (Table 15). The 
backward stepwise DA mode gave CMs assigning to 48.10% (Table 15) of the cases 
correctly using eight discriminant parameters. The results suggest that for temporal 
variation ammonium, chlorine, electrical conductivity, sodium, nitrates, pH, sulphates 
and suspended solid are the most significant parameters to discriminate between the 
four seasons and as such the eight variables account for the most of the expected 
temporal variations in the Klip river water quality.   
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Table 14: Classification function of the temporal variations in water quality 
 standard mode   Forward stepwise mode  Backward stepwise mode  
Variable Autumn Spring Summer Winter Autumn Spring Summer Winter Autumn Spring Summer Winter 
Ammonia -0.71785 -0.65734 -0.68176 -0.63154 -0.71785 -0.65734 -0.68176 -0.63154 -0.71785 -0.65734 -0.68176 -0.63154 
Cl -0.05765 -0.05852 -0.08134 -0.05984 -0.05765 -0.05852 -0.08134 -0.05984 -0.05765 -0.05852 -0.08134 -0.05984 
COD 0.09909 0.10127 0.09644 0.09338 0.09909 0.10127 0.09644 0.09338     
Cond 0.75391 0.75953 0.74177 0.74362 0.75391 0.75953 0.74177 0.74362 0.75391 0.75953 0.74177 0.74362 
E. coli   5.40313E-08 -4.7E-08 -1.3E-08 4.05E-08 5.4E-08 -4.7E-08 -1.3E-08 4.05E-08     
Na -0.60524 -0.50817 -0.58877 -0.51467 -0.60524 -0.50817 -0.58877 -0.51467 -0.60524 -0.50817 -0.58877 -0.51467 
NO3 0.29242 0.3174 0.25571 0.36096 0.29242 0.3174 0.25571 0.36096 0.29242 0.3174 0.25571 0.36096 
pH 30.20278 29.66368 30.37024 29.59229 30.20278 29.66368 30.37024 29.59229 30.20278 29.66368 30.37023 29.59229 
SO4 0.02078 0.02314 0.02198 0.02488 0.02078 0.02314 0.02198 0.02488 0.02078 0.02314 0.02198 0.02488 
Susp_solid 0.03448 0.01191 0.03593 0.01828 0.03448 0.01191 0.03593 0.01828 0.03448 0.01191 0.03593 0.01828 
Constant 30.02272005 29.6529 30.1702 29.62736 30.02272 29.6529 30.1702 29.62736 29.92363 29.55163 30.07375 29.53398 
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CHAPTER 5: CONCLUSIONS AND RECOMMENDATIONS 
 
5.1 CONCLUSION 
  
Multivariate statistical techniques such as discriminant analysis, principal component 
analysis and factor analysis were used to examine spatial and temporal variations in 
water quality.  
 
For spatial variation, out of the ten measured water quality parameters analysed through 
the discriminant analysis, only nine (ammonia, chlorine, COD, electrical conductivity, 
E. coli, sodium, nitrates, pH and suspended solids) parameters were the most significant 
parameters to discriminate between the points. The study also revealed that eight 
(ammonia, chlorine, electrical conductivity, sodium, nitrates pH and suspended solids) 
water quality parameters were the most significant parameters to discriminate between 
different seasons with Na, Cl and pH having high loading in autumn and spring season. 
The study also highlighted that ammonia, E. coli, suspended solids and COD are 
loading high in the winter and summer seasons. Based on the outcomes from the 
temporal and spatial variations of water quality, it can be concluded that ammonia, 
chlorine, electrical conductivity, sodium, nitrates, pH, sulphates and suspended solids 
are the most significant water quality parameters. This therefore highlights that these 
water quality parameters should be taken into consideration during the monitoring 
process within the study area.  
 
The standardized water quality was also analysed through principal component to 
determine the temporal pollution load within the study area. Out of the ten components, 
three, four, two and three components are sufficient in explaining the monitoring points 
for the autumn, spring, summer and winter seasons respectively. From the principal 
component analysis, it was discovered that similar trend of pollution load was observed 
for summer and winter as well as for autumn and spring. This therefore concludes that 
water quality monitoring strategy for the summer and winter season should be the same 
and a similar pattern should also be used for the autumn and spring seasons.  
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The study also evaluated the performance of the wastewater treatment works over a 
period of five years by looking at some of the physical and chemical composition of its 
influent and effluent over this period. The study using four water quality parameters 
(ammonium, COD, PO4 and suspended solids) revealed that the Olifantsvlei 
wastewater treatment plant achieved higher percentage removals during the dry and wet 
seasons throughout the study period. Although some of the parameters were within the 
required discharge limits, the accumulation of these parameters in the rivers system 
could results in the accumulation of the contaminants. 
 
5.2 RECOMMENDATIONS 
 
Wastewater generated increases with population growth which will also contribute to an 
increase in pollution load within the river system. The study was limited to a data set of 
physicochemical parameter as it based much of the data from the secondary data.  This 
study recommend further studies to focus on evaluating the impact of heavy metals 
discharged from the plant on the water resources focusing mainly on the primary data as 
Johannesburg Water Ltd (Pty) currently do not monitor heavy metals due to budget 
constraints. Besides heavy metals, other organic pollutants especially the emerging 
pollutants need to be evaluated. This will give a comprehensive assessment of the 
performance of the wastewater treatment process. 
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Appendix B: Authorization letter from the Johannesburg Water Ltd (Pty) 
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Appendix C: Ethic clearance certificate from UNISA 
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Appendix D: Scree plots of eigenvalues of the principal components (PCs) for autumn, 
spring, summer and winter, respectively. 
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